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ABSTRACT **65/S S£c ^ 
The study of land system attnbutes of lithology, soil, water and relief 
characteristics was carried out using remotely sensed data for thematic 
interpretation in parts of Yamuna basin, administratively covering Bharatpur, 
Mathura and Aligarh districts. As part of the Ph.D. program in Remote 
Sensing Applications at Aligarh Muslim University, statistical image analysis 
techniques were used to convert brightness levels into information classes, 
which were integrated through GIS applications into Terrain Mapping Units 
(TMU) based on kindred relationship of land system components of 
hydrogeology, geomorphology and pedology. 
The thematic mapping was carried out form remotely sensed data using both 
digital and visual interpretation techniques. The LANDSAT data 
corresponding to path-row 146:041 and 146:040 on scale of 1:250,000 and the 
IRS - IB LISS II digital data corresponding to path : row 28:48 subscene A2 
covering parts of Bharatpur, Mathura and Aligarh districts included in Survey 
of India toposheet numbers 54A, 54E, 54F, 541, 54H and 54L have been used. 
Digital Image Processing using statistical analysis techniques were carried out 
on IRS - IB LISS II subscene A2 data corresponding to path : row 28:48. The 
data from Band Interleaved by Line (BIL) format was transferred from CCT to 
CD using EASIPACE Image Processing Software at Regional Remote Sensing 
Service Center, Dehradun. The image data was converted to Tagged Image 
File Format (TIFF). The TIFF file was used as input file in Modular GIS 
Environment (MGE) Advance Imager. The digital image processing was 
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carried out using Dell Optiplex GL 5100 system at Remote Sensing 
Applications Center for Resource Evaluation and Geoengineering, Aligarh 
Muslim University, Aligarh, basically for image improvement and analysis. 
The principal objective of image improvement was to process the Dn values oi 
the pixels so that the result is better than the original image. The image 
analysis was carried out to convert the spectral levels into information classes 
for primary data gene ation on geology, geomorphology, hydrogelogy and 
pedology. 
The image improvement was attempted through contrast enhancement, 
filtering & FCC's. The linear contrast enhancement, non-linear contrast 
enhancement (Gaussian Stretching & Histogram Equalization); filtering 
(Lowpass, Weighted Lowpass, Median, Edge Preservation, Sigma, Lee, 
Mode, Highpass, Weighted Highpass, Gradient, Compass, Laplacian, Sobel, 
Robert, Krisch, Wallis, Prewitt, Frost) and False Color Composites were used 
for improvement of the image quality. 
Image analysis was attempted to bring out pattern in the brightness levels 
using Band Ratioing, Principal Component Analysis, Special False Color 
Composites techniques. The classification was attempted using sequential 
clustering, statistical clustering, isodata, parallelepiped, minimum distance, 
maximum likelihood classification, etc. to convert the spectral levels into 
information classes. 
The digital image processing helped in identifying the different thematic 
classes present in the scene such as north flowing paleo-drainage, paleo-
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channels of Yamuna river, paleo-flood plain and the recent flood plain of 
Yamuna river and its tributary streams. The geology in terms of Quaternary 
stratigraphy was interpreted from geomorphic units picked up from the digital 
analysis. The thematic classes were extrapolated through visual interpretation 
techniques from LANDSAT TM FCC with groundtruth collated from 
secondary data and primary surveys to produce maps on the land system 
parameters of geomorphology (Fig. 3), geology (Fig. 5) and soil (Fig. 15). 
The geomorphology of the study area was interpreted using digital and visual 
techniques covering parts of Bharatpur, Mathura and Aligarh districts. The 
geomorphic zones, their geomorphic elements and drainage morphometry of 
the sub-basins were interpreted using photographic and geotechnical elements. 
The study area has been delineated into eight gemorphic zones comprising 
Structural Hills and Valleys of Delhi Supergroup, Vindhyan Plateau, Burried 
Pediment, Varanasi Older Alluvial Plain, Aligarh Older Alluvial Plain, Older 
Flood Plain of Yamuna Basin, Recent Flood Plain of Yamuna River and its 
Tributaries and Aeolian deposits. The hills of Bayana, Ajabgarh and Alwar 
group form cuesta and hogback ridges which are separated by erosional 
valleys. The Vindhyan Plateau forms monolith in the southern part of the 
Bharatpur district overlooking the Quaternary landscape and Aravalli hills. 
The homogeniety of the Plateau is punctuated by cuesta hills of Upper 
Bhander Sandstone and hogback ridges of Rewa Sandstone near the margin of 
the Vindhyan basin. The cuesta of Vindhyan corresponds to an elevation of 
220 to 231 meters elevation above M.S.L. and are remnant of paleo-planar 
surfaces which occur as geomorphic inlier within the Vindhyan Plateau. The 
Burried Pediment in the north, south-west and north-eastern parts of Bharatpur 
4 
district fringing the structural Hills of Delhi Supergroup and Vindhyan Plateau 
is characterized by undulating topography, accidented slope and thin sand and 
soil cover. The Varanasi Older Alluvial Plain represents vast elevated plain 
ranging from 182 to 196 meters in elevation above M.S.L. The monotony of 
the Varanasi Older Alluvial Plain is punctuated by Aligarh Older Alluvial Plain 
which represents paleo-drainage of an earlier north flowing drainage system 
which emerged from Viiidhyan uplands and flowed through Varanasi Older 
Alluvial Plain upto north of Meerut. This paleo-drainage system has regional 
slope towards north, which due to slope mutation during the post-collision 
Himalayan tectonics had acquired a southerly tilt. The Aligarh Older Alluvial 
Plain is characterized by scars and paleo-channels of the north flowing paleo-
drainage. The Older Flood Plain of Yamuna basin is represented as 
topographic platform and benches on either banks of the river beyond its 
recent flood plain. It is manifested as T] and T2 level terraces. Coeval to the 
Older Flood Plain of Yamuna basin, Older Flood Plain of Banganga River has 
been recognized west of Bharatpur and around Nadbai, manifested as roughly 
east-west trending channels defining the southerly migration of Banganga 
river. 
The Recent Flood Plain of Yamuna River has been mapped on either banks of 
the river characterized by periodic inundation. Point bars, channel bars, cut off 
meanders etc. which indicate that the river has built up its Recent Flood Plain 
by lateral acceration process. The Recent Flood Plain of Banganga represents 
a drainage anomaly, it has higher channel width in the proximal part and 
constricted channel width in distal part which indicate drainage reversal from 
west to east and results in extensive flooding in Bharatpur district. 
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The sand dunes and loess deposits in Nadbai, Nagar, Bayana and Rupbas 
Tahsils of Bharatpur districts, have been brought by wind action. The aeolian 
deposits occur as cover sediments over Aligarh Older Alluvial Plain, Vindhyan 
Plateau and Bayana Hills suggesting arid semi-arid fringe boundary in the 
area. 
The drainage morphometry of the area suggests that the Quaternary period 
experienced development of three drainage cycles, which in their decending 
order of antiquity can be described as Dj, D2 and D3 drainage systems. D] and 
D2 drainage cycles represent paleo-drainages which became extinct with the 
slope mutation during the recent period when present day south flowing 
drainage of Yamuna basin came into being represented by D3 drainage 
systems. The morphometric analysis of the micro-watershed of the Yamuna 
basin has been attempted and their morphometric parameters had been 
described in Table - 13. 
The geology of Bharatpur, Mathura and Aligarh districts was collated from 
available secondary sources. Stratigraphically the lithounits of the area are 
referrable to Delhi Supergroup, Vindhyan Supergroup and Recent Quaternary 
sediments. The geological mapping was carried out using available maps as 
ground controls for image interpretation of thematic classes. For the purpose 
of land system studies lithology was separated into basement rocks and 
Quaternary cover sediments. 
The Proterozoic basement comprises Pre-Delhi rocks, Delhi and Vindhyan 
supergroups. The schist, phyllite with quartzite intercalations mapped at the 
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base of Bay ana Basin have been assigned as Pre-Delhi. These are older than 
Bayana valcano-sedimantary assemblage and may be part of Older Delhi 
sequence rather than Pre-Delhi as concieved by Geological Survey of India 
(Singh, 1982). 
The Delhi Supergroup comprises of two distinct assemblages represented by 
Lalsot basin and Bayana basin. The quartzite interbedded with phyllite and 
schist of Ajabgarh Group developed in the Lalsot basin which form western 
boundary of Bharatpur district and are exposed in the Lalsot hills and extend 
in northeast through Kaman and Pahari Tahsils upto Barsana and Nandgaon, in 
Mathura District. The eastern most exposure of the Delhi is seen in the 
Goverdhan hill in Mathura district, Uttar Pradesh. This sequence is assigned to 
Bharkol Formation of Ajabgarh Group. The domal outcrops of feldspathic 
sandstone and orthoquartzite between Kaman and Pahari in Bharatpur district 
have been assigned to Partapgarh Formation of Alwar Group. 
The volcano-sedimentary assemblage of Bayana Basin is separated from the 
Alwar and Ajabgarh groups by Barsasa lineament in the northeast and from 
Vindhyans by Great Boundary Fault of Rajasthan in the South. The rocks of 
Bayana Basin have been mapped from Nithar to Bayana over a distance of 31 
Km and occur as subcrops upto Dig in the north. The rocks of Bayana Basin 
differ from Delhi's in having NW-SE strike in contrast to NE-SW structural 
trend of Delhi's and from adjacent vindhyans which are sub-horizontally to 
gently dipping. The Bayana Basin is lithologically, structually and 
morphotectonically different from Vindhyans in the south and Delhi's in the 
west. Possibly it is a younger rifted basin than the Delhi's. The volcano-
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sedimentary assemblage has been assigned to Bayana Group, which in the 
descending order of antiquity comprises Nithar, Jahaz-Govindpura, Jogipura, 
Badalgarh, Bayana, Damdama, Weir and Arauli formations. 
The Vindhyan rocks in the study area represent the northwestern extension of 
Karauli sequence, which is represented by Rewa and Bhander groups. The 
Upper Rewa Group is represented by Upper Rewa Sandstone Formation 
exposed in western abutment of Baretha Dam in Bharatpur district. The 
Bhander Group is represented by Ganurgarh Shale Formation and Upper 
Bhander Sandstone Formation in Rupbas tahsil of Bharatpur district. The 
Upper Bhander Sandstone Formation forms the plateau which forms the 
natural fortification on the southern boundary of the Bharatpur district in the 
area. The cover sediments which were deposited over the basement formed by 
Proterozoics of the Indian shield have been assigned to Quaternary 
Supergroup. The Quaternary sediments have been separated into Older 
Alluvium Group, Newer Alluvium Group and Recent Alluvium Group in 
descending order of antiquity based on transgressive spatial relationship and 
order of superposition The sediments of Older Alluvium Group have been 
derived from Vindhyan uplands. The Newer Alluvium Group has its 
provenance from newly risen tectonic lands of Himalayas in the north. The 
Recent Alluvium Group comprises reworked alluvium, sand, silt and clay 
showing admixture of southern and northern provenance. 
Hydrogeologically the Yamuna Basin in Bharatpur, Mathura and Aligarh 
districts has three major water bearing formations, namely hard rocks, 
carbonate rocks and unconsolidated sediments of Quaternary age. The aquifer 
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system in the area occurs both under pheratic and semi-confined to confined 
conditions. The shallow aquifers are pheratic, deeper aquifers are semi-
confined to confined. The aquifer system has been classified on the basis of 
hydrogelogical parameters into hard rocks, carbonate rocks and 
unconsolidated sediments and on the basis of depth to water-table the aquifers 
have been delineated into shallow and deep aquifers. 
The shallow aquifers range to a depth of 50 meters. The thickness of granular 
zone varies from 3 to 25 meters. The deeper aquifers are 50 meters b.g.l. 
down to bed rock. The thickness of deep aquifers vary from 2 to 50 meters. 
The transmissivity range 9.28 m2 to 950 m2 per day; hydraulic conductivity is 
2.55 m/day to 74.26 m/day. 
The groundwater fluctuation varies from 0.1 m to 3.25 meters. In shallow 
aquifers the fluctuation is higher. The a ?a adjacent to canals show little 
fluctuation. The water-table contours show variations between 145 meters to 
202.5 meters, above M.S.L.. The flow direction of groundwater is from 
northwest to southeast in conformity to the flow regime of the yamuna 
drainage system. The depth to water-table parameter has been used as input 
for GIS analysis of the land system of the study area. 
Pedologically the basic frame work of soil development in the study area is 
constrained by lithological distribution, landforms and aquifer system. The 
soils in the area are alluvial, aeolian and residual. The physical and chemical 
characteristics of the soils were studies using representative samples. 
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The soils were classified into 36 soil series using characteristics such as spatial 
association with landfonns and slope characteristics, leaching, soil profile, 
color, texture, granulometric analysis, soil structure, inclusive mean, sorting, 
skewness, kurtosis, flow index, plastic limit, physico-chemical characteristics 
like, cation exchange capacity, exchangeable sodium percentage, hydrogen ion 
concentration, electrical conductivity, silica, alumina, sodium bicarbonate, 
phosphorous, ferric oxide, magnesium oxide percentages, fertility in terms of 
macro-nutrients (N, P & K) etc. 
The spatial association of soil series with other fields of land system files were 
used to generate illuminated model for identification of terrain mapping units. 
The GIS technology was used to integrate various land system files to generate 
an illuminated model for sustainable agricultural development in the area. In 
the present study the Modular GIS Environment (MGE) of Intergraph Inc. was 
used. The MGE is having separate modules for each application. The MGE is 
GIS with both vector and raster capabilities besides it is having image 
processing capabilities. The MGE uses an external database, in the present 
study Oracle version 7.0 was used. The thematic maps were digitized and 
stored in MGE compatiable format. The digitized maps were cleaned. The 
cleaned maps were subjected to topology building and analysis. 
The GIS Application for generation of Terrain Mapping Units (TMUs) was 
attempted in part of the study area covering Bharatpur district, Rajasthan. The 
Terrain Mapping Units were generated by integrating the thematic files on 
geomorphology, hydrogeology and pedology for mapping geographically 
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homogeneous natural entities. The lithology has been eliminated as a 
constrain for TMU categorization, due to the fact that the soil in the area is 
generally transported, insitu soils are developed in the hilly terrain. The 
landform overlay has provided coverage for hard rocks contribution to soil 
characteristics and the kindred relationship of lithology, geomoiphology and 
soils in TMU classification. The methodology of Terrain Mapping Units based 
on natural geographic boundaries will help in planning agricultural inputs for 
developmental needs of a basically agro-economic eco-system like Bharatpur. 
The areas of homogeneity of geomoiphology, soil texture and depth to water 
table for Bharatpur district, were delineated as TMUs. The Bharatpur district 
has 10 tahsils, comprising 1454 villages which are represented by thirty 
TMUs which have been designated as TMU-1, TMU-2, etc. using alpha-
numeric code of nomenclature and decribed as 
TMU - 1 : H ,DWT, SL; TMU - 2 : VP,DWT, SL; TMU - 3 : VP, DWT, LS; 
TMU - 4 : VP, SWT, SL; TMU - 5 :VP, SWT,L; TMU - 6 :VP, DWT,L; 
TMU - 7 : VP, SWT,CL; TMU - 8 :OAP, DWT, SL; TMU - 9 : OAP, 
DWT, L; TMU - 10 : OAP, SWT, L; TMU - 11: OAP, DWT, SIL; 
TMU - 12 : OAP, SWT, SIL; TMU - 13 : OAP, DWT, CL; TMU - 14 : RFP, 
DWT, LS; TMU - 15: RFP, SWT,LS; TMU - 16: RFP, DWT, SL; TMU - 17: 
RFP, SWT, SL; TMU - 18 : BP, DWT, SL; TMU - 19 : BP, SWT, SL; TMU -
20 : BP, DWT, L; TMU - 21 : BP, SWT, L, TMU - 22 : EV, DWT, LS; TMU 
- 23 : PC, DWT, SL; TMU - 24 : PC, DWT, L; TMU - 25 : PC, SWT, L; 
TMU - 26 : OAP, SWT, SL; TMU - 27 : H, DWT, LS; TMU - 28 : H, SWT, 
LS; TMU - 29 : EV, DWT, H; TMU - 30: BP, DWT, LS. 
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where H = Hills/Ridges, VP = Vindhyan Plateau, OAP = Older Alluvial Plain, 
RFP = Recent Alluvial Plain, BP = Buried Pediment, EV = Erosional Valley, 
PC = Paleochannel, DWT = Deep water-table (> 4m b.g.l.), SWT = Shallow 
water- table (<4 m b.g.l.) LS = Loamy Sand, SL = Sandy Loam, L = Loam, 
SIL = Silt Loam, CL = Clay Loam. 
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Conventional methodology of inputs on the basis of tahsil and district will 
require to be changed, at the mciro-level, individual TMU require separate 
treatment by way of agricultural inputs in terms of seed, fertilizer and 
irrigation inputs for optimum outputs. 
The study has indicated that Remote Sensing Applications can be 
successfully used for generating level 1 and level 2 informatics for geology. 
The geomorphology in the plain ecosystem of Yamuna Flood Plain can be 
mapped by combined man-machine processing. Digital Image Processing in 
itself will be inadequate fr informatics generation of geomorphic elements. 
For groundwater studies hydrogeomorphic zonation approach has been found 
to be useful in the Yamuna basin. For pedological studies the remotely sensed 
data can be used for mapping soil series using geomorphic elements, landuse 
and relief characteristics as visual interpretational keys. The GIS for the 
fluvial plain ecosystem can be developed using geomorphology, depth to 
water-table and soil series as basic files. The kindred relationship to generate 
illuminated model for areas of homogeniety characterized by uniformity in 
landform, soil series and depth to w; fer-table has been found to be useful 
approach for mapping Terrain Mapping Units (TMU). 
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For ecologically sustainable agriculture in plain eco-system of Yamuna basin 
the concept of TMU's as basic unit for agricultural input of seed-fertilizer and 
irrigation will be useful for micro-level planning. 
The present study has brought out that the landscape evolution of the Yamuna 
basin pre-dates he Yamuna drainage. The earlier drainage system emerged 
from Vindhyan uplands in the south and flowed towards orth as indicated by 
the well developed sub-dendritic drainage pattern of north flowing paleo-
drainage. 
The study has also brought out that the Banganga river has anamolous 
channel morphology. The Banganga channel is constricted at the distal end 
and is very wide at the proximal end in the west as it emerges from Alwar and 
Sawar Madhopur districts into Bharatpur. The anamoly in the channel 
morphology indicate drainage reversal in the Banganga river during the 
Quaternary period The channel which was evolved under a westerly flow 
regime is having easterly flow joining Yamuna drainage system. The capture 
of Banganga from Arabian Sea to Bay of Bengal drainage system has been 
attributed to post collission tectonics of the Indian plate. 
The paleo-channel of the river Yamuna which was flowing between Mathura 
and Nandgaon in the pre-historic Mahabaharat times has been picked up from 
the digitally enhanced remotely sensed data. The present channel of Yamuna 
flowing east of Mathura has been an enigma for archeogeology in India. The 
present find of paleo-channels of the Yamuna river to the west of Mathura 
has provided missing link in he mythological records of the Hindu scriptures 
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where the newly born Krishna is said to be carried to the trans Yamuna 
settlement of Nandgaon. 
The ancient civilizations for which the Recent Flood Plain of Yamuna and 
Ganga rivers have been explored have provided well developed cultural 
layers which point to 2000 B.C. culture. The last layer in these regions are 
characterized by well developed wheel based pottery. Beyond these layers 
our archeological guides are lost which indicates that the archeological sites 
in the Yamuna and Ganga Flood Plains indicate transported culture. The 
culture which is characterized by wheel based pottery must have taken at 
least 10000 years to evolve. The cradle of this cultural evolution will be 
paleo-channels of the north flowing drainage system and the paleo-flood plain 
of Yamuna drainage system, since the early cultures were riverine. The 
present study has open up possibility of using paleo-flood plains for archeo-
geological studies. 
The post independence developmental planning in Mathura-Bharatpur Region 
has resulted in ecological imbalances in the land system. The construction of 
roads, canals, embankments, etc. accross the paleo-drainage without taking 
into consideration the paleo-channels which acts as distributaries during the 
rainy season has resulted in man-made floods in Mathura-Bharatpur region. 
The Bharatpur township was provided a moat which was accommodating the 
rain fed floods of the Ban ganga drainage system and drainage escape was 
provided by connecting the Bharatpur moat with the Yamuna river through 
Bharatpur drain. The landuse changes resulting in encroachment on the moat 
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and the drainage system is resulting in periodic flooding of the Bharatpur 
town. Whenever the intensity of rainfall is heavy i.e. the rate of infiltration is 
less than the rate of precipitation in Banganga catchment area, submergence 
of vast depressed topography disrupts human activity and loss of crops. The 
multiple data base approach to developmental planning is recommended, a 
piece of land be looked in its entire vertical profile from atmosphere to 
hthosphere with intervening hydrosphere, biosphere and human activity 
associated with it for ecologically sustainable land system management of a 
watershed. 
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CHAPTER - I 
INTRODUCTION 
1 
INTRODUCTION 
General Statement 
The present study was carried out in parts of Yamuna Basin in partial 
fulfillment for the degree of Doctor of Philosophy in Remote Sensing 
Applications of the Aligarh Muslim University. An area of about 13890 Km2 
was chosen in Aligarh, Mathiira and Bharatpur districts to develop thesis 
"Land system studies using statistical Image Analysis techniques for remotely 
sensed data and GIS applications in parts of Yamuna Basin in Aligarh, 
Mathura and Bharatpur districts". 
Land System in Yamuna Basin : 
The Land System studies in parts of Yamuna Basin, covering Bharatpur, 
Mathura and Aligarh districts have been made using remotely sensed data. 
The lithology, soil, water and relief characteristics which have controlled the 
architecture of landscape, constitute the attributes of the land system. 
The study has attempted to integrate the geology, hydrogeology, 
geomorphology and pedology in a Geographic Information System to map the 
Terrain Mapping Units based on the kindred relationship of the land system 
components. The thesis presents the attributes of land system, derived from 
Remote Sensing using visual interpretation and machine processing of 
Remotely Sensed data. The Digital Image Processing was applied to select 
2 
the operators for thematic information. Illuminated model was generated 
through integration of layers of geological, hydrogeological, 
geomorphological and pedological files in Geographic Information System to 
map areas having kindred relationship in the land system of Yamuna Basin. 
The study will help in environmentally compatible land system management 
in the micro-watersheds in the fragile ecosystem at the semi-arid interface, in 
India. 
Tectonic Frame work of the Gangetic Plain 
Physiographically, India is divided into three divisions viz. Extra Peninsular 
India, Peninsular India and the Indo-Gangetic Plain (Krishnan,1982). The 
Indo-Gangetic plain which is bounded by Peninsular India in the south and 
Extra-Peninsula represented by Himalaya in the north covers about l/4th of 
the total surface area of the country. The Indo-Gangetic Plain comprises 
Quaternary sediments measuring hundreds of meters in thickness which were 
deposited in this subsiding basin (Joshi and Bhartiya,1991). The Indo-
Gangetic Plain has been further sub-divided into four distinct zones, i.e. 
Punjab-Rajarthan alluvial plain, Gangetic plain, Bengal plain and 
Brahmaputra alluvial plain (Singh;1987). The study area of Yamuna basin in 
parts of Aligarh, Mathura districts of Uttar Pradesh and Bharatpur district of 
Rajasthan forms part of the Gangetic Plain (Fig. 1). 
The Gangetic Plain which is having Yamuna and Ganga basins is bordered by 
two sub-surface ridges viz. Delhi-Hardwar ridge in the west and Monger-
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Saharsa ridge in the east (Sastn et al.,1971). The northeast-southwest 
trending sub-surface Faizabad ridge separates the Ganga Basin from the 
Ghagra-Ghandak basin in the west. The Himalayan Frontal Fault in the north 
separates the Gangetic basin from sub-Himalayan ranges and in the south it is 
bounded by rocks belonging to the Delhi Supergroup, Vindhyan Supergroup 
and Bundelkhand Granite with an irregular alluvium hard rock boundary' 
(Bajpai and Gokhale,1986). 
The sediment thickness of Ganga basin is comparatively higher than any other 
basin of Indo-Gangetic Plain. The drilling carried out at Aligarh indicate 
basement depth as 340 meters, in Bharatpur it is reported as >30 meters and 
in Mathura district it is 250 meters. The Quaternary alluvium shows a 
progressive increase in thickness towards north, close to the foot of sub-
Himalayan ranges (Poddar,1962; Sengupta,1962;Wadia,1975). In the south 
the Vindhyans, Bundelkhand Granite and Delhis form the basement and in the 
north Siwaliks and Tertiaries form the basement for Quaternary cover 
sediments (Anon, 1977; Iqbaluddin,1994; Khan and Joshi,1985; Joshi and 
Bhartiya,1991). A host of workers have contributed to the understanding of 
nature of deposition, geomorphic history, lithostratigraphy, tectonic setting. 
sub-surface geology, alluvial morphology, hydrogeomorphic classification 
etc. of Indo-Gangetic Plain. (01dham,1917; Pascoe,1919; Suess,1924; 
Geddes,1960; Mukherji,1963; Dutta,1971; Sastri et al.,1971; 
Pascoe, 1965,1973; Wadia,1975; Pal and Bhattacharya,1979; Srivastava et 
al.,1983; Khan and Joshi,1985; Bajpai and Gokhale,1986; Khan et al.,1987; 
1988; Singh,1987; Ghosh and Singh,1988; Singh and Bajpai,1989; Singh et 
al.,1990; Joshi and Bhartiya, 1991, Iqbaluddin and Saif ud din, 1998). 
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Study Area 
The study area forms part of the Yamuna basin administratively it is included 
in parts of Aligarh and Mathura districts in Uttar Pradesh and Bharatpur 
district in Rajasthan. Hydromorphologically it is bounded by the Ganga basin 
in the east and Luni basin in the west. Administratively the area is boubded 
by Bulandshahr district of Uttar Pradesh in the north and Gurgaon and 
Faridabad districts of Haryana in the northwest, Sawai Madhopur and Alwar 
districts of Rajasthan in the west, Dholpur district of Rajasthan and Agra 
district of Uttar Pradesh in south, Etah district of Uttar Pradesh in southeast 
and Badaun district of Uttar Pradesh in the east. Geographically, the area lies 
between North latitudes 26°22' to 28°11' and East longitudes 76°33' and 
78°38' and is included in parts of Survey of India toposheet Nos. 54A, 54E, 
54F, 541, 54H and 54L on 1:250,000 scale and LANDSAT frame path-row : 
146:041 and 146:040 on 1:250,000 scale. 
The area is connected by the national capital New Delhi by rail and road 
links. Aligarh falls on New Delhi-Calcutta main line, Mathura and Bayana 
falls on New Delhi-Mumbai line. The area is well connected with state 
capitals of Lucknow, Uttar Pardesh and Jaipur, Rajasthan. The economy of 
the districts is mainly agro based, 65% to 75% population of the districts is 
engaged in agriculture, however industrial development has lately been taking 
place in the districts. Figure 1 shows the location map of the area. 
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Topography and Climate 
The study area in parts of Aligarh, Mathura and Bharatpur district represents 
a typically plain semi-arid ecosystem. The elevation of the area varies from 
171.6 meters above M.S.L. near Jalesar road railway station in Sadabad 
Tahsil to 411 meters above M.S.L. on peak of Alipur hill range near temple in 
Weir Tahsil, Bharatpur district, Rajasthan. In general slope of the area is from 
northwest to southeast. The area is having a gentle slope, it is moderate to 
steep in areas of Pahari, Kaman and Bayana hills in Bharatpur district. The 
area is primarily drained by river Yamuna and its tributaries like Banganga, 
Ghambhir, Dehar, Patwaha, Jamon, Karwan, Somna, and Sengar. The winters 
are extremely cold and the mercury falls below 4°C; summer is dry 
temperature goes upto 47°C, it is accompanied with hot winds. The average 
annual rainfall in the area is 684 mm. 
Methodology 
Remote sensing is an important tool to acquire information which aids in 
decision making for sustainable resource management. In conjunction with 
conventional and ground truth data, remote sensing data have been used for 
thematic applications. The present study was carried out using LANDSAT 
TM FCC of bands 2, 3 and 4 (path-row : 146:041 and 146:040) on 1:250,000 
scale having a resolution of 30 meters and correspond to 3rd September 1989 
and 9th May 1991 and the Digital Image Processing was carried out using 
IRS LISS II data of path 28 row 48 of February, 1994. 
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The base map was prepared using Survey of India toposheet nos. 54A, 54E, 
54F, 541, 54H and 54L on 1:250,000 scale. The digital image processing 
technique was carried out using IRS - IB LISS II data having a spatial 
resolution of 36.25 meters. Various image processing techniques were 
applied to get the desired output. The photographic outputs of the images 
were taken to aid final interpretation of different thematic maps. The visual 
interpretation of the TM data was subsequently followed to generate different 
thematic maps of Geology, Geomorphology, Groundwater, Soil etc. taking 
into account the various photographic and geotechnical elements like tone, 
texture, pattern, shape, size, association etc. selective ground truthing was 
carried out. 
CHAPTER - II 
Digital Image Processing 
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DIGITAL IMAGE PROCESSING 
The remotely sensed data from the satellites were analyzed for identifying 
objects, extraction of information on surface features and deducing their 
properties through observations made on the reflected/scattered energy from 
the earth in different spectral bands. The images recorded in digital form 
corresponding to frame 28:48 of IRS-1B were processed on the computer to 
produce images for interpretation. The digital images contain large amount of 
data and computers with large data handling capabilities are used for Digital 
Image Processing (DIP) work. 
Digital Image Processing involves techniques for manipulation of digital 
image data by computers to generate analog signals. Digital image processing 
comprises the operations for noise removal, geometric and radiometric 
corrections, enhancement of images, data compaction, image display and 
recording, image data manipulation and management. 
In India NRSA provides data, which are corrected for noise, geometric and 
radiometric distortions. The Digital Image Processing operations carried out 
during the present study involved conversion of data from Band Interleaved 
by Line (BIL) to Intergraph format (cot) and numerical operations for image 
enhancement, information extraction, data compaction, image display and 
recording and image data manipulation and management. 
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Digital Image 
Digital Image consists of discrete picture elements called pixels. Associated 
with each pixel is a number represented as Dn (Digital Number), that depicts 
the average radiance of relatively small area within a scene (pixel). The size 
of this area determines the reproduction of details within the scene. As the 
pixel size is reduced, more scene details are preserved in a digital 
representation. The pixel is having a gray scale value where 0 corresponds to 
black and 255 for white in between there are shades of gray (Hord,1982; 
Cuuran,1985; Jensen,1986; Gonzalez and Wintz,1992; Lillesand and 
Kiefer,1987; Paratt,1987; Sabins,1987; Harrison, 1990). 
A digital image is a sampled and quantized numeric representation of a scene. 
The scene is spatially partitioned into a regular array of pixels or pel's whose 
values represent the radiance or brightness in spectral bands. A multi-spectral 
digital image I consisting of spectral bands which can then be represented as 
k arrays of M x N elements of non negative values or 
T(k) = p (k) 1 r
 y 
where k= Band number = 1,2,3, K 
i= line (row) number = 1,2,3, N 
j= element (column) number = 1,2,3 M 
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Digital Image Analysis System 
Digital Image Processing (DIP) System comprises of hardware and software 
elements which help the analyst in extracting meaningful information from the 
data. The basic system components include input devices, processing 
elements, interactive devices and output devices. The DIP systems are 
capable of processing large volume of data at a very fast rate. The speed of 
operation is of immense importance in DIP as some of the image analyses 
techniques like classification, spatial filtering, etc. are highly computation 
bound, to facilitate this fast processing high speed pipe line processors like 
Array Processors are used in conjunction with the CPU. 
A display system is an interactive device which is necessary for the user to 
interact with the computer. Normally a color scrolling display system with an 
ability to zoom, shrink and pan is provided. The display area could either be 
512 x 512 (pixels x scan lines), 1024 x 1024 or even more in case of high 
resolution display systems. The state-of-the-art display systems are 
microprocessors controlled and provide a wide range of image analysis 
capabilities at an increased speed. The analyzed outputs is to be stored in a 
form which aids further analysis by the users. Outputs can be any of the 
following : 
• computer compatible tapes (CCT"s)/floppies/cartridges/CD's 
• gray scale maps on line printer or color plotter outputs 
• photographs of color monitor displays 
• high precision film output/imagery 
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During the present study Dell Optiplex 5100/GL system was used with 330 
MHz, 64Mb RAM and SVGA Monitor. 
Digital Data Formats 
The remotely sensed data acquired from the satellites are stored in different 
types of formats 
• Band Sequential (BSQ) 
• Band Interleaved by Line (BIL) 
• Band Interleaved by Pixel (BIP). 
Each of these format is preceded on tape by header or tailer information, 
which consists of ancillary data about the date, altitude of the sensor, sun 
angle and so on. These information are useful when the data is corrected 
geometrically or radiometrically. The data are normally recorded on a nine 
track CCT's with data density on the tape of 800, 1600 or 6250 bits per inch 
(bpi). 
Band Sequential Format (BSQ) 
This format requires that all data for a single band covering the entire scene 
be written as one file. Thus if one wants the area in the center of the scene in 
four bands, it would be necessary to read into this location in four separate 
files to extract the desired information. The format is preferred as it is not 
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necessary to read serially past unwanted information if certain bands are of no 
value. The number of tapes may be dependent on the number of bands 
provided for the scene. 
Band Interleaved by Line Format (BIL) 
In this format the data for bands are written line by line onto the tape (i.e. 
linel bandl, line 1 band2, linel band3, line! band4). It is a useful format if all 
the bands are to be used in the analysis. If some bands are not of interest, this 
format will be inefficient, since it is necessary in BIL to read serially past all 
the unwanted data. 
Band Interleaved by Pixel Format (BIP) 
In this format, the data for the pixel in all bands are written together. Taking 
the example of LANDSAT - MSS 4 band data every element in the matrix 
has 4 pixel values pixel 1,1, of band 1; pixel 1,1, of band 2; pixel 1,1 of band 
3; pixel 1,1 of band 4, pixel 1,2 of band 1, pixel 1,2 of band 2, pixel 1,2 of 
band 3; pixel 1,2 of band 4; etc. This data format is of use if all the bands are 
to be used, otherwise it will be inefficient. This format is not much popular 
now, it was extensively used by EROS Data Center for LANDSAT scene in 
initial stage. 
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Digital Data of Study Area 
In the present study IRS-IB LISS II data corresponding to four bands were 
used for subscene A2 of path 28 and row 48 of February, 1994. 
The Overall specification of the IRS-IB are given in Table - 1. 
Table -1 IRS - IB overall specifications 
Altitude 
Orbit 
Date of Launch 
Equator crossing time 
Sensors 
Spectral Bands 
Spatial Resolution 
Temporal Resolution 
Radiometric Resolution 
Number of pixels/line 
Field of view 
Ground Swath 
904 Km 
Sun-synchronous 
29th August, 1991 
10.00 A.M. 
Linear Imaging Self Scanning System(LISS)-I 
Linear Imaging Self Scanning System(LISS)-II 
Band 1 0.45jim-0.52nm (Blue) 
Band 2 0.52fim-0.59nm (Green ) 
Band 3 0.62^m-0.68^m (Red) 
Band 4 0.77^m-0.86^im (Near Infra-red) 
LISS-I -72.5 m 
LISS-II - 36.25 m 
22 Days 
22 Days 
4096 
40.1 
145.48 Km 
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The data was converted from CCT to CD using EASIPACE Image 
Processing System at Regional Remote Sensing Service Center, Dehradun. 
The data was stored in Tiff format. The Tiff format was converted in cot and 
rgb format of Intergraph MGE software at the Remote Sensing Applications 
Center for Resource Evaluation and Geoengineering, Aligarh Muslim 
University, Aligarh. 
Image Enhancement 
The principal objective of the enhancement techniques is to process a given 
image so that the result is better than the original image. Image enhancement 
techniques improve the quality of image. These techniques are most useful as 
many satellite imageries when examined on a color display give inadequate 
information for image interpretation. There exists a wide variety of techniques 
for improving image quality. Normally image enhancement involves 
techniques for increasing the visual distinction between features in a scene. 
Basically new images are created from the original image data (Plate - 1 a, b, 
c & d). In order to increase the interpretability of information that can be 
visually extracted from the data, the following techniques were used : 
• Contrast Enhancement 
• Density Slicing 
• Edge Enhancement 
• Spatial Filtering. 
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Contrast Enhancement 
The sensors record reflected and radiant flux from earth's surface materials. 
The reflectance of materials in different bands of Electromanetic Radiation 
(EMR) vary, this results in contrast between the materials when recorded by 
remote sensing systems. Sometimes different materials reflect similar amount 
of radiant flux in certain bands of electromagnetic spectrum resulting in 
relatively low contrast image. Besides low contrast characteristic of 
materials, the lowering of the sensitivity of detectors often results in low 
contrast imagery. 
The contrast can be defined as the ratio of the maximum intensity to the 
minimum intensity over an image. 
C = I /I 
*~ 'max' 'min 
Contrast ratio has a strong bearing on the resolving power and detectability of 
an image. Larger this ratio, more easy it is to interpret the image outline. Most 
of the satellite images lack adequate contrast and require contrast 
improvement. Low contrast may result from the following: 
• The object and the background of the terrain have nearly uniform 
electromagnetic response in the wavelength band of energy that is 
recorded by the remote sensing system, i.e. the scene itself has a low 
contrast 
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• Scattering of electromagnetic energy by the atmosphere can reduce the 
contrast of a scene. This effect is most pronounced in the shorter 
wavelength portions of EMR 
• The remote sensing system may lack sufficient sensitivity to detect and 
record the contrast of the terrain. Also, incorrect recording techniques can 
result in low contrast imagery although the scene has a high contrast. 
The imageries with low contrast are commonly referred to as 'washed out' 
with nearly uniform tones of gray. Detectors on board are designed to record 
a wide range of scene brightness values without getting saturated. The image 
of the study area has not utilized the full range of brightness, unless it is 
subjected to enhancement. 
The contrast enhancement technique expands the range of brightness values 
in an image so that the image can be efficiently displayed in a desired manner. 
The Dn values are literally pulled apart, that is, expanded over a full range of 
0 to 255 Dn values. The effect is to increase the visual contrast between two 
areas of initially nearly uniform Dn values, which provide ease in 
identification. The contrast modification is the most commonly applied, 
image enhancement technique. Some enhancement is possible by 
photographic duplication on a high contrast film. This photographic 
enhancement results in an overall loss of information. The limited dynamic 
range of film results in loss of information at the bright and dark extremes of 
image to avoid loss of information at the tails, the gray scale is enhanced by 
digital image enhancement. 
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The contrast enhancement in the present study was carried out by linear and 
non-linear contrast enhancement of single band data. 
Linear Contrast Enhancement 
The Linear Contrast enhancement expands the original Dn values to make use 
of the total range of 256 gray levels of the output device. Linear contrast 
enhancement is best applied to remotely sensed images with Gaussian or near 
Gaussian histograms, that is when all the brightness values fall between a 
single narrow range and only one mode is apparent (Jensen, 1986; 
Sabins,1987). To perform linear contrast enhancement the image statistics are 
examined to determine minimum and maximum brightness values in the band, 
(mink and maxk). The output brightness value (BV0Ut), is computed according 
to following equation : 
BV0Ut = (BY in - mink) / (mink - maxk). quantk 
where BYjn is the onginal input brightness value and quantk is the range of 
brightness value that can be displayed on CRT (e.g. 256). 
Min-Max Contrast Stretch 
The minimum and maximum Dn values is redistributed in this contrast 
enhancement from 0 to 255 keeping the min at 0 and max at 255. 
Percentage Linear Contrast Stretch 
The mink and maxk that lie in certain percentage of pixels can be specified 
from the mean of the histogram. This is known as percentage linear contrast 
stretch. In this enhancement if (minimum - maximum) standard deviation is 
±1 and minimum and maximum Dn values are 20 and 60, then on stretching 
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the Dn value 20 will become 0 and 60 will be at 255 and all the values from 0 
to 19 will be 0 and all the values from 61 to 255 will be 255. This results in 
more pure black and white pixels in the scene, increasing the contrast of the 
image but the information content of pixels that are saturated at 0 and 255 is 
lost. The slope of a percentage linear contrast stretch is much greater than for 
a simple min-max stretch (Jensen, 1986; Sabins, 1987). 
The linear stretch of image having non-Gaussian histogram, is performed 
piece wise, here a number of linear segments are identified and are stretched. 
Single bands Linear Stretch 
The first three bands 1,2 & 3 occupy the visible region on the electromagnetic 
spectrum representing blue green and red respectively while the band 4 
occupy the near infra-red region of the electromagnetic spectrum. Plate - 2 a, 
b, c & d show linear stretching of bands 1,2,3 and 4 respectively. The quality 
response of different themes in different bands is given in Table -2. 
Table - 2 Quality response of different themes to the four bands 
Themes 
Water Bodies 
Canals 
Moisture Content 
Soils 
Cropland 
Fallowland 
Geomorphic 
Feature 
Wasteland 
Drainage 
Roads 
Settlements 
Band 1 Band 2 
Very Good Moderate 
Good Good 
Very Good Very Good 
Very Good Very Good 
Very Good Very Good 
Moderate Good 
Moderate Moderate 
Very Good Very Good 
Moderate Good 
Good Good 
Good Moderate 
Band 3 
Good 
Good 
Good 
Good 
Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Moderate 
Band 4 
Very Good 
Very Good 
Very Good 
Poor 
Poor 
Poor 
Moderate 
Poor 
Very Good 
Poor 
Moderate 
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Non-Linear ( ontrcst Enhancement 
In this type of enhancement, the input and output data values follow a non-
linear transformation. 
Gaussian Stretch 
The brightness levels of the bands 4, 3 and 2 were redistributed to an 
approximate normal distribution. The near approximate normal distribution of 
the histogram stretching is achieved by changing mean and standard deviation 
of the stretched histogram. The Mean of the Dn values of histogram is 
adjusted by shifting the center of the normal distribution in the range of 0 to 
255 Dn. The standard deviation varies between 1 to 255 Dn. The increase in 
standard deviation widen the normal distribution curve, it will increase the 
contrast of image. The decrease of standard deviation results in bunch up of 
stretched histogram about the mean, which reduces the contrast of the image. 
The operation Gaussian stretching was carried out for bands 4, 3 and 2, 
which were combined into FCC with RGB color scheme. The area of higher 
moisture generated high contrast, dark hue. The outputs exhibited intensity, 
hue and saturation variations of subtractive secondary and additive primary 
colors (Plate - 2 e). 
Histogram Equalization 
One of the most useful technique is histogram equalization. In this the 
algorithm passes through the individual bands of the dataset and assigns 
approximately an equal number of pixels to each of the user specified gray 
scale. The histogram equalization provides greatest contrast enhancement to 
the most populated range of brightness values in the image. It automatically 
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reduces contrast in the very light or dark parts of the image associated with 
tails of a normally distributed histogram. The frequency of occurrence of 
brightness values, f(BV,) will be ratio of the number of pixels in the scene 
with the same value to the total number of pixels in the scene. The probability 
Pi=f(BVj)/n, where p is probability and n is total number of pixels. For each 
value level BV, in the quant range of 0 to 255 of the original histogram, a new 
cumulative frequency K, is calculated: 
quanti; 
K, = I f(BV,)/n 
i = 0 
where the summation counts the frequency of pixels in the image with 
brightness values equal to or less than B V, and n is total number of pixels in 
the entire scene. The histogram transformation function K, with the original 
values L, to determine the closest match and is reassigned to appropriate 
brightness value. The histogram equalization of bands 4,3,2 and 1 resulted in 
rescaling of brightness levels of the scene into half the number of brightness 
levels. The quantization of the gray levels reduces the smoothness of the 
edges. The equalized histogram is assigned RGB color scheme for three 
bands combinations, which are combined into FCC. The effect is sharpening 
of the edges at theme boundaries resulting in better interpretation. The 
original data with histogram is given along with the result of histogram 
equalization (Plate - 3 a, a'; b, b'; c, c'; d, d'). The quality response of 
different themes to histogram equalization is given in Table - 3. 
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Table - 3 Quality response of different themes to histogram equalization 
Themes 
Water Bodies 
Canals 
Moisture Content 
Soil 
Cropland 
Fallow Land 
Geomorphic Feature 
Wasteland 
Lithology 
Drainage 
Roads 
Railwaylines 
Settlements 
HE 231 
Good 
Good 
Moderate 
Good 
Good 
Good 
Good 
Good 
Good 
Moderate 
Good 
Good 
Moderate 
HE321 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Moderate 
Good 
Good 
Moderate 
HE 342 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Good 
Very Good 
Good 
Moderate 
Good 
HE 432 
Very Good 
Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Good 
Moderate 
Good 
Moderate 
Moderate 
Logarithmic Contrast Enhancement 
The logarithmic contrast enhancement is a non-linear, this enhancement has 
the greatest impact on the brightness values found in darker part of the 
histogram. It could be reversed to enhance values in the brighter part of the 
histogram by scaling the input data using inverse log function. 
Band Ratioing 
The band ratioing. minimizes the effect of environmental factors like slope and 
aspect, shadows or seasonal changes which affect the brightness values of 
identical surface. The band ratios provide unique information that is not 
available in any single band. The mathematical expression of the ratio 
function is: 
BViJr = B V ^ / BVij4 
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where BVIjr is the output ratio value for pixel at row i, column j , ratio of 
band r; BVljk is the brightness value at the same location in Band k and 
BV,, j is the brightness value in band 1. If the value of brightness BV,j is equal 
to 0, then the alternatives are to be taken as, the mathematical domain of the 
function as 1/255 to 255 through 0; or to assign 0 value of 1; or a small value 
of the order of 0.1 can be added to the denominator. 
In the present study normalized difference ratio has been used. Normalization 
is to be done to encode the values in a standard eight bit format. Using the 
normalization function the ratio value 1 is assigned the brightness value 128 
and the ratio values between 1/255 to 1 are assigned values between 1 to 128 
by function : 
BVi^ = Int.[(BVgrxl27)+l] 
Ratio values from 1 to 255 are assigned values within a range of 128 to 255 
by function 
BVS^= Int. |(128+ BVU^2)] 
The individual band enhancement has been attempted on the four band data in 
order to remove the unknown and common bias component that exists in the 
data due to variations in the landuse, landcover and local relief characteristics 
(Plate-4a,b,c,d,e,f,g,h,i,j ,k&l). 
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The band ratio of visible blue and infra-red has resulted in homogenization of 
the effects of soil moisture/locked-up moisture and water. As a result of 
ratioing of the data, the boundaries between the sandy soil, clay loam and 
silty clay in Bharatpur, Mathura and Aligarh have become distinct. The 
processing is useful for mapping the soils. The details of present day and 
paleo-drainage has been subdued. The landuse and landcover which are very 
clearly discernible in the single band data have generally been erased from 
ratio images. 
The ratio images of Band 1 & 2 (Blue and Green) have enhanced the soil 
moisture contrast between the Recent and Older Flood Plains and Paleo-
Flood Plain of Yamuna River in Mathura district. The Recent Flood Plain is 
discernible as light blue hue on either side of Yamuna River. The Older Flood 
Plain representing T2 is recognizable as dark cyan. (Plate - 4 a, b, c, d, e, f, g, 
h, i, j , k & 1). The quality response of different themes in ratio images is given 
in Table - 4. 
Table - 4 Quality response of different themes in ratio images 
Themes 1/2&2/1 1/38,3/1 %&4/1 2/343/2 2/444/2 3/444/3 
Water Bodies Good Good Very Good Very Good Very Good Very Good 
Canals Good Good Very Good Very Good Very Good Good 
Moisture Content Very Good Very Good Very Good Very Good Very Good Very Good 
Soils Moderate Moderate Good Good Good Moderate 
Forest Poor Poor Poor Moderate Moderate Moderate 
Cropland Poor Poor Poor Moderate Moderate Moderate 
Followland Good Moderate Good Moderate Moderate Good 
Geomorphic Good Good Very Good Good Good Good 
Feature 
Wasteland Moderate Moderate Moderate Moderate Moderate Moderate 
Drainage Very Good Very Good Very Good Very Good Very Good Very Good 
Roads Poor Moderate Moderate Good Moderate Poor 
Settlements Moderate Moderate Moderate Moderate Moderate Moderate 
Railwaylines Poor Poor Moderate Moderate Poor Poor 
Filtering 
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The filtering of the data was carried out both in spatial and frequency 
domains. The spatial filters were used as masks. The enhancement in the 
frequency domain involved Fourier Transform of the image and its 
multiplication by filter transfer function. The inverse transform of the result 
was taken to produce enhanced image in the frequency domain. The spatial 
filtering was attempted using lowpass, highpass and median filters. 
Spatial Filtering 
Spatial Frequency is defined as the number of changes in the brightness value 
per unit distance or any particular part of the image. If there are very few 
changes in brightness value over a given area in an image, it is called as a low 
frequency image and if the changes are frequent over a short distance it is 
called as a high frequency image. Spatial frequency describes the brightness 
values by taking into account the brightness of the neighboring pixels. The 
spatial frequency in an image can be spatially enhanced or subdued using two 
different approaches i.e. Spatial convolution (Spatial Filtering) and Fourier 
analysis (Frequency Domain). The spatial convolution is used for enhancing 
the low and high frequency detail in imagery. 
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Low -Frequency Filtering in the Spatial Domain 
Low-pass Filters 
These are enhancements that block the high spatial frequency detail. They are 
called as low-pass filters. This filter evaluates a particular input pixel 
brightness value BVin, and the pixel surrounding the input pixel and output is 
a new brightness value (BVoul) for the central pixel, that is the mean of this 
convolution. The size of the kernel (n) is usually 3x3, 5x5 and 7x7. 
In a 3x3 mask there are nine coefficient, c„ defined as 
c, 
c4 
c-
c: 
c. 
c8 
c3 
c6 
c9 
If the coefficients in a low frequency masks are set equal to 1 
Mask A = 
The coefficient c,, in the mask are multiplied by the following individual 
brightness values (BV,) in the input image 
J 
•J 
•J 
J 
J 
d 
J 
J 
J 
Mask template 
C i x B V 
c4 x BV 
c7 x BV7 
c2 x BV 
c^  x BV 
c8 x BVg 
c. x BV, 
C6 x BV. 
CQ x BVC 
where B V ^ B V ^ J . , BV2=BV1.lj BV3=BVi.,j+, BV4=BVi<H BV5=BV,j 
BV6=BV1J+1 BV7=BV1+1J., BV8=BVI+1J BV9=BV1+u+i 
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The primary pixel under investigation is BVs=BV,j. The original data which 
will result in low frequency image is given by expression 
n 
Low-Frequency Image = Int. I Cj x BVj/n 
i=l 
= Int.(BVl+BV2+BV3+ BV9)/9 
The values for each pixel is calculated and it is called as image smoothing. 
The image smoothing is useful in removing periodic noise recorded by remote 
sensing systems. The effect of low-pass filtering is smoothing the image by 
cutting of the high frequency components and allowing low frequency. The 
effect of low-pass filtering on band 4, 3 and 2 is removal of the noise from 
within the spatial domain of the geomorphic units resulting in the smoothing 
of hue in the standard FCC within each geomorphic unit (Oppenheins et. 
al.,1968; Mastin,1985). The effect of the low-pass filtering is manifested by 
smoothing of the hue within the theme. The quality response for various 
themes is presented in Table - 5. (Plate 5a). 
Weighted Low-pass Filters 
The weighted low-pass mask with a center weight of 7 was applied to see the 
effect of the low-pass filtering. No significant change was detected except 
smoothing of the hue within the image boundaries of the different soil units. 
The brightness contrast was reduced through weighted low-pass filters (Plate 
- 5b). The quality response of different themes is given in Table - 5. 
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Median Filter 
The median filter is useful for removing noise in an image (Tukey,1971), 
especially shot noise by which individual pixels are corrupted or missing, 
instead of taking mean of nine pixels in 3x3 mask, the median filter ranks the 
pixels in the neighborhood from lowest to highest and selects the median 
value. The median filter has several advantages when compared with 
weighted convlution filters. It does not shift boundaries, minimal degradation 
to edges, allows the medain filter to be applied repeatedly, as a result fine 
detail are erased and large region acquire same brightness value (Plate - 6). 
The standard median filter will erase some lines m the image which are 
narrower than the half-width of the neighborhood and round or clip corners. 
Quality response of various themes is given in Table - 5. 
Edge Preserving Median Filter 
The edge preserving median filter is applied, where the median value of the 
black pixels and gray pixels is computed in a 5x5 array, these two values and 
the central original brightness value are ranked in ascending order. A final 
median value is selected to replace the central pixel. Thi,, filter preserves 
edges and corners. 
The minimum - maximum filter was applied to the image. The filter operates 
on one pixel at a time and examine the brightness value in a users specified 
radius (3x3 kernel) and replace brightness values of current pixel with the 
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minimum or maximum brightness value encountered. The output (Plate - 7) 
has enhanced the overall interpretability of the themes (Table - 5). 
Sigma Filter 
Adaptive box filter (Sigma) is of value for removing noise in digital images. 
The adaptive box filters are used to remove random bit errors where pixel 
values have no relation to image scene, i.e. shot noise and for smooth noisy 
data where the pixels are related to image scene but with an additive or 
multiplicative component of noise. 
The procedures rely on computation of the standard deviation components a 
of only those pixels within a local box surrounding the central pixel [i.e. the 
eight values surrounding 5th (central) pixel in a 3x3 mask]. The original 
brightness value at location 5 is considered to be a bit error if it deviates from 
the box mean of eight values by more than 1.0 to 2.0a and is replaced by the 
box mean. This is called adaptive filter because it is based on computation of 
standard deviation for each 3x3 window rather than on standard deviation of 
the entire scene. In this very minor bit errors are removed from low variance 
areas, but valid data along sharp edges and corners are not replaced 
(Plate - 8). 
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Lee Filter 
The Lee adaptive filter used for cleaning up of extremely noisy images is 
based on sigma filter (Lee, 1983). Lee's filter computes standard deviation 
for entire scene. Then 5th pixel in 3x3 moving window is replaced by average 
of the neighboring pixels and had the intensity within fixed a range of the 
central pixel. The filter averaged only those pixels within the box that had 
intensities within 1.0 to 2.0a of the central pixel. This technique effectively 
reduces speckle and the salt and pepper texture in images without eliminating 
fine details (Pizer, 1987). The two filter can be combined into a single 
program for processing images with both random bit error and noisy data. 
In the present study Sigma, Lee and Mode filters based on moving average 
concept were used. The Sigma and Lee were used on bands 4, 3 and 2 data to 
generate standard FCC (Plate 8 & 9). The Mode filtering was attempted on 
band 4, 3 and 2 data. The FCC were prepared by changing RGB color 
assignment for 4, 3 and 2 and 4, 2 and 3 (Plate - 10 a, b). The quality 
response to thematic outputs has been presented in Table - 5. 
High -Frequency Filtering in the Spatial Domain 
High pass filtering is applied to imagery to remove the slowly varying 
components and enhance the high frequency local variations. High frequency 
filter (HFF) is computed by subtracting the output of the low frequency filter 
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(LFF) from twice the value of the original central pixel in a matrix of 3x3, 5x5 
or 7x7. In a 3x3 matrix the output value of the 5th pixel is computed by the 
following expression : 
HFF5 out= (2xBV5)-LFF5 
.out 
Brightness values tend to be highly correlated in a 3x3 window, thus the 
highest frequency filtered images will have a relatively narrow intensity 
histogram. Thus the output from most high frequency filtered images must be 
contrast stretched prior to visual analysis. 
The high pass filter that sharpen edges can be produced using the following 
convolution masks (Rosenfeld and Kak,1982) 
MaskD 
Emim 
7J 7j:7J 
ino n 
Mask E = 
J 
d 
jj 
d 
J 
-2i 
J 
d 
J 
During the processing high pass and weighted high pass filtering was 
attempted to see the effect on the band 4, 3 and 2. The filtered data were 
combined into FCC using RGB color scheme for band 4, 3 and 2 respectively 
(Plate - 11 a, b). The effect of high frequency filtering in the images has been 
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elimination of low frequency information contained in the original image 
(Plate - 1 & 5). 
The original image had ramps instead of edges in the scene, which the high 
pass filters have erased. The brightness levels of the pixels have been 
accentuated reflecting crop intensity and moisture content of the ground. High 
pass filters have been found to be of little use for thematic interpretation of 
the study area, the scene roughness has been enhanced resulting in granular 
texture. The quality response of different themes is given in Table - 5. 
Table - 5 Quality response of various themes in different filter operations in 
FCC of band 4, 3 and 2 
Themes 
Water bodies 
Canals 
Moisture 
Content 
Soils 
Crop land 
Fallow Land 
Geomorphic 
Features 
Wasteland 
Drainage 
Roads 
Settlements 
Laplacian 
Good 
Very Good 
Good 
Poor 
Good 
Poor 
Moderate 
Poor 
Very Good 
Moderate 
Poor 
Median 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Very Good 
Good 
Moderate 
Lowpass 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Moderate 
Very Good 
Good 
Very Good 
Moderate 
Good 
Weighted 
Lowpass 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Good 
Very Good 
Good 
Good 
Highpass 
Very Good 
Moderate 
Very Good 
Moderate 
Good 
Moderate 
Good 
Moderate 
Good 
Poor 
Poor 
Weighted 
Highpass 
Very Good 
Poor 
Good 
Moderate 
Good 
Moderate 
Moderate 
Moderate 
Moderate 
Poor 
Poor 
Mode 432 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Mode 423 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Good 
Very Good 
Good 
Good 
Sigma 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Very Good 
Very Good 
Good 
Moderate 
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Edge Enhancement in the Spatial Domain 
Edge enhancement delineates the edges and makes the shapes and details 
comprising the image more conspicuous and perhaps easier to analyze. 
Generally, what appears as pictorial edges are simply sharp changes in 
brightness value between two adjacent pixels. In earth science applications 
the most valuable information that may be derived from an image is contained 
in the edges surrounding various objects of interest. The edges may be 
enhanced using either linear or nonlinear edge enhancement techniques. 
Linear Edge Enhancement 
A straightforward method of extracting edges in remotely sensed imagery is 
application of a directional first-difference algorithm that approximates the 
first derivative between two adjacent pixels. The algorithm produces the first 
difference of the image input in the horizontal, vertical and diagonal 
directions. The algorithm for enhancement is: 
Vertical: BVSj = BV*j - BViJ+1 + K 
Horizontal: B\^ = BVij - BVM j + K 
NE Diagonal: BVij = B ^ - BVi+1 J+1 + K 
SE Diagonal: BVij = BVjj - BVM J+1 + K 
The result of the subtraction can either be negative or positive, a constant K, 
usually 127 is added to make all values positive and centered between 0 to 
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255. This enhances contrast of adjacent pixels. The resultant image is 
normally min-max contrast stretched to enhance the edges even more. It is 
best to make the min-max values in the contrast stretch a uniform distance 
from midrange value (127). This causes the uniform areas to appear in the 
shades of gray, while the important edges become black or white. The edge 
enhancement is carried out by convoluting the original data with a kernel. 
Chavez and Bauer(1982) suggested the optimum kernel size as 3x3, 5x5 or 
7x7 used in edge enhancement is based on the surface roughness and sun 
angle characteristics of the data. They developed a procedure based on the 
first difference in the horizontal direction. A histogram of the differenced 
image reveals number of edges contained in the image. The standard 
deviation of the first difference image is computed and multiplied by 2.3, 
yielding a delta value 8, closely associated with surface roughness. 
Kernel Size = 12-8 
The mask for embossing the edges are 
Mask F = 
d 
d 
oj 
<J 
d 
d 
d 
d 
d Emboss East 
Mask G = 
d 
d 
d 
d 
d 
d 
d 
d 
d Emboss North-west 
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An offset of 127 is added to the result and the data contrast stretched. The 
direction of the embossing is controlled by changing the coefficient around 
the periphery of the mask. 
Gradient Filter 
It had been observed that the low-pass filtering based on averaging the pixel 
values resulted in smoothing, the process is analogous to integration. The 
differentiation can be expected to have opposite effect i.e. sharpening the 
image. The object is not recognized in image because of the difference of 
gray values but also because of the difference in the pattern and orientation of 
pixels. It is on the logic that the local orientation of a pattern is the property 
which describes the edges of the image features that gradient filter was 
developed. 
In an image for a function /(x,y), the gradient of / at coordinate (x,y) can be 
defined as vector 
Vf= [5/8x1 
The magnitude of this vector, 
V/ = mag(Vf) = [(5/ /8x)2 + (5/ /5y)2]1/2 
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In this image region the Dn values are denoted by numerals Dn 1 to 9. The 
Dn 5 to 8 can be used in X direction and Dn 5 and 6 in the Y direction to 
obtain image differentiation by gradient filter. From the output of the gradient 
filtering (Plate - 12), it will be seen that linear features like drainage, canals, 
paleochannels, have been enhanced. The quality response of different themes 
is given in Table - 6. 
Compass Filter 
Compass mask is based on gradient filtering which may be used to perform 
two-dimensional, discrete differential directional edge enhancement; 
Mask H = 
Enn 
n 
nj 
±j 
u 
n 
u North 
Mask I 
rmn 
nip 
rrnr 
0 
n North-East 
Mask J 
•A 
•J 
J 
L I 
2l 
•A 
U J 
J East 
MaskK = 
EHHHLH 
3 
u 
un South-East 
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Mask L = 
urniEr 
u 
n u u South 
Mask M = 
EJ 
U 
EU EJ 
U South-West 
Mask N = 
GJ 
U 
U 
an 
u a West 
Mask O = 
• o 
111 
Em 
0 a 
a North-West 
The compass filter suggest the slope direction of maximum response. Thus 
the east gradient mask produces a maximum output for horizontal changes in 
brightness value from west to east. The gradient mask having zero weight, 
results in no output response over regions with constant brightness values i.e. 
where no edges are present. 
Richards (1986) identified four additional 3x3 templates that may be used to 
detect edges in images. 
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Mask P = 
d d D 
3" 
3" 
d 
d 
d 
J Vertical 
Mask Q = 
d 
d 
•J 
J 
sJ 
J 
3 
d 
J Horizontal 
Mask R= 
pimn 
srni 
u 
°J Diagonal 
Mask S= 
J 
d 
d 
d 
d 
d 
D 
d 
d Diagonal 
In the present study for compass filtering the diagonal mask at 45° and 
horizontal mask at 90° to the X-direction were used. The effect of these was 
that the areas where the edges existed have been enhanced and all other areas 
have been treated as non-edges. The edges have acquired higher Dn values 
and the non-edges have become dark. As a result of this filtering the features 
having sharp boundaries with their neighbors like rivers, canals, roads have 
been enhanced (Plate - 13 a, b). The paleo-channels of Yamuna marking the 
former course of river west of Mathura has been enhanced significantly in the 
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output (Plate - 13 a, b). The quality response of different themes is given in 
Table- 6. 
Laplacian Filter 
Laplacian Filter is special highpass filter, effectively enhancing the plume and 
other subtle sensor noise in the image. Laplacian convolution mask is applied 
to perform edge enhancement and is insensitive to direction and invariant to 
rotation Several 3x3 common Laplacian filters are : 
Mask T = 
•T3 
U 
U 
Mask U = 
ruin 
din 
urn 
nj 
IT 
u 
Mask V = 
lupnp 
unrn 
ITU u 
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The operator that may be used to subtract the Laplacian edges from the 
original image is: 
u 
J 
-8 n Mask W = 
The Laplacian Filter states : 
Dx2 = -Dx + Dx 
L = Dx2+Dy2 
A 
L = 2 Cos(7t Kx) + 2 Cos (n Ky) - 4 
The subtraction of the Laplacian edge enhancement from the original image 
restores the overall gray variation. It also sharpens the image by locally 
increasing the contrast at discontinuities. The Laplacian operator highlights 
points, lines and edges in the image and suppresses uniform and smoothly 
varying regions. By itself, the Laplacian image is difficult to interpret, thus it 
is better to add a Laplacian edge enhancement to ordinary image using the 
mask x. 
Mask X = 
d 
A 
d 
A 
A 
•A 
d 
A 
iJ 
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The 5x5 Laplacian Operator adds edge information back to original and can 
be expressed as : 
d 
<J 
J 
oj 
d 
sJ 
-J 
il 
J 
id 
J 
-jl 
d 
d 
•J 
<d 
•ji 
J1 
•A 
<J 
d 
<d 
•A 
d 
d 
The combination of gradient and Laplacian edge operators may be used for 
edge enhancement, which may be superior to either edge enhancement alone. 
In the present study the Laplacian filter was applied to band 432 data and the 
filtered Laplacian output was converted to standard FCC. The output (Plate-
14) has very clearly highlighted the edges along Yamuna and its former 
course west of Mathura have been very clearly demarcated, indicating that at 
one point of time, the Yamuna river was flowing close to Goverdhan and 
Barsana. The quality response of various themes is given in Table - 5. 
Non-Linear Edge Enhancement 
Non-linear edge enhancements are performed using non-linear combinations 
of pixels. Many algorithms are applied using either 2x2 or 3x3 kernels. 
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Sobel Edge Detector 
The Sobel edge detector is based on the notion of 3x3 window and is 
computed according to relationship : 
Sobel5,out=Wx2 + y2 
where X- (BV.,+2BV6+BV9MBV,+2BV4+BV7) 
Y = (BV,+2BV2+BV;,)-(BV7+2BV8+BV9) 
The 3x3 templates of the Sobel edge detector which were used are : 
Mask Sobel 1 = 
d 
d 
jj 
d 
d 
d 
d 
d 
d 
Mask Sobel 2= 
EjEnn 
nun 
no n 
The operator detects horizontal, vertical and diagonal edges. Each pixel in an 
image is declared an edge if its Sobel values exceeds some user-specified 
threshold. These information may be used to create edge map, which often 
appears as white line on black background or vice versa. In the present data 
set Sobel operator was used on band 4, 3 and 2, the effect has been observed 
as lines of white and orange pixels (Plate - 15). The boundaries of the river 
Yamuna and some of the canals are picked up as bright pixels. The rest of the 
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scene is dark (Plate - 15). The quality response of various themes is given in 
Table - 6. 
Robert Edge Detector 
Robert's edge detector is based on the use of only four elements of 3x3 mask 
(Robert, 1965). The new pixel value at pixel location BVs,0ut is computed 
according to equation 
Roberts5,out= x + y 
where X=| BV5-BV9I 
Y=| BV6-BV8| 
The Roberts operator may be computed by applying the following templates 
across the image : 
R l = |0j |0j [Oj 
u 
u 0"^ 
R2= oj 
•J 
d 
«J 
d 
d 
•J 
d 
d 
In the data set subjected to filtering by Robert filter the boundaries have been 
totally lost and the entire data has been smoothened (Plate - 16). The RGB 
color assignment to bands 432 under Robert operator generated the addative 
colors of cyan, magenta and yellow. Their superposition in the FCC with the 
Roberts operator created subtractive process where yellow, magenta and cyan 
were equally operative producing dark image (Plate - 16). 
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Kirsch Filter 
The gradient filters used to imply enhancement of edge gradient in two 
orthogonal directions i.e. row and columns, hi Kirsch the edge enhancement 
is carried out in 8 modulo. The gradient directions are East, North-east, 
North, North-west, West, South-west, South, South-east. The template 
gradient 3x3 impulse response arrays were used where scale factor was 1/15 
(Kirsch, 1971). 
The Kirsch non-linear edge enhancement calculates the gradient at pixel 
location BVy . The algorithm applied is : 
7 
BVjj=max {l,max[Abs(5Si- 3Tj)]} 
i=0 
where S^BV, + BV1+1 + BV1+2 and 
Tp BVi+3 + BV1+4 + BV1+5 + BV«, + BV1+7 
The subscripts of BV are evaluated modulo 8, meaning that the computation 
moves around the perimeter of the mask in eight steps. The edge 
enhancement computes the maximal compass gradient magnitude about input 
image point BVJJ. The value of Si equals the sum of three adjacent pixels, 
while Tj equals the sum of remaining four adjacent pixels. The input pixel 
value at BV,j is never used in computation. 
The effect of Kirsch operator is enhancement of linear edges and boundaries. 
The river, canal, roads, railway lines, paleo-channels all have been enhanced 
as color additive bright outputs (Plate - 17). The smooth spatial domains of 
various geomorphic units have experienced color subtraction process 
resulting in dark mosaic of pixels. The boundaries of the land holdings with 
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Mask Prewitt 2= 
31 
ii u 
Unlike the Sobel edge detector the Prewitt edge detector has K=l, where as 
the Sobel detector has K=2 as a result the pixel values of the north, south, 
east and west remains the same. The output of the Prewitt Filtering (Plate-19) 
has eliminated the edges in the scene as compared to Sobel output (Plate- 15), 
where the north, south, east and west pixel values are doubled. 
Frost Filter 
The frost command filter an image to remove high frequency noise while 
preserving the edges. The command removes 'speckle' noise from images, 
besides it can be used to remove high frequency noise from any type of 
image. The areas of the images having low spatial frequency are smoothed 
and the areas containing high spatial frequencies are not affected. The result 
is the speckle noise is removed from smooth areas of the image while the 
edges are kept clean (Plate - 20). 
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higher brightness levels have appeared as bright pixels (Plate - 17). The 
quality response of various themes is given in Table - 6. 
Wallis Filter 
The edge crisping has also been achieved through statistical differentiation 
which involve generation of an image by dividing each pixel value by its 
estimated standard deviation according to basic relation : 
GfJia— F<; k>/S 
•0*) (jJtH^UJO 
where Fu k l of the pixel S^JO is the expected standard deviation and G0.ki is 
the computed Dn value. The statistical differentiation operator in which the 
enhanced image takes a form with desired first order and second order 
moments. The operator is referred as Walis filter (Lewis & Odeal,1971). In 
the image data the effect of Wallis operator on bands 432 has been total color 
substraction of the scene resulting in dark field (Plate -18). 
Prewitt Filter 
The Prewitt filter is an edge gradient operator described by pixel numbering 
convention (Prewitt, 1970). In the Prewitt filter the row and column gradients 
are normalized to provide unit gain and positive weighted and unit gain 
negative weighted averages about a separated edge position. The 3x3 
template of Prewitt operator used in the present study is given below: 
Mask Prewitt 1 oJJJO' n n u 
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Table-6 Quality response of various themes in different edge enhancements 
Themes 
Water Bodies 
Canal 
Moisture Content 
Soils 
Cropland 
Fallowtand 
Geomorphic Feature 
Wasteland 
Drainage 
Roads 
Settlements 
Gradient 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Moderate 
Very Good 
Very Good 
Very Good 
Good 
Good 
Robert 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Not Visible 
Sobel 
Very Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Prewitt 
Moderate 
Poor 
Moderate 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poof 
Wallis 
Poor 
Poor 
Moderate 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Kirsch 
Good 
Very Good 
Very Good 
Moderate 
Poor 
Poor 
Moderate 
Good 
Very Good 
Very Good 
Moderate 
Compass 45o 
Moderate 
Very Good 
Good 
Poor 
Poor 
Poor 
Moderate 
Moderate 
Good 
Good 
Moderate 
Compass 90o 
Moderate 
Very Good 
Moderate 
Poor 
Poor 
Poor 
Moderate 
Moderate 
Moderate 
Poor 
Poor 
Edge Preservation 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Texture Analysis 
The texture of an image of a natural scene has large areas which are devoid of 
sharp edges. The brightness level within an image changes but the changes 
are so fine that these can not be mapped separately. The variations in the 
brightness level in an image are referred to as texture. Texture of an image 
has three ingredients namely, local order in brightness level, pattern in the 
arrangement of local order of brightness level and uniformity in their spacing 
within the textural region. Depending upon spacing of local order pixels the 
texture is classified as coarse or fine. Fine texture has close spacing and 
coarse texture has wide spacing of pixels with equal brightness levels. 
The texture analysis of the image operates to produce an output image, that 
reflects the texture of the input image. The texture analysis of bands 4, 3 and 
2 of the scene was carried out. The three band data was fused into an FCC 
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which suggest fine texture of the drainage and paleo-channels. The crop areas 
show coarse texture in the scene (Plate - 21). 
Information Extraction 
The operations of image enhancement and image analysis produce outputs 
which help the interpreter to extract thematic information from digital outputs. 
For visual interpretation as well as automatic classification the image is 
subjected to certain operations such as Principal Component Analysis, Ratio 
Images, Multi-spectral Images and False Color Composites are some of the 
commonly used techniques. 
False Color Composite 
The single band data are available as gray levels corresponding to the image 
brightness. In the False Color Composite (FCC) the three bands are assigned 
to RGB model (Gonzalez & Woods, 1992). The intensity, hue and saturation 
are the three attributes that distinguish one color from the other in a FCC. The 
intensity indicates the brightness level. Hue is an attribute associated with the 
primary color assigned to a band (RGB) and saturation refers to the purity of 
color. 
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The green, red and blue are additive primaries and yellow, magenta and cyan 
are subtractive primaries. The combination of all the additive primaries is 
white and the combination of the three subtractive primaries is black. 
The FCC's were generated for various band combinations by assigning the 
three band data to RGB. The effect of this was variations in hue, intensity and 
saturation of the pixels constituting different thematic features in the scene 
(Plate - 22 a, b, c, d, e, f, g, h, i, j , k, 1, m, n & o). The quality response of 
various themes in the FCC's of different band combinations for RGB have 
been presented in Table - 7. 
Table - 7 Quality response of various themes in different FCC's 
Themes/ 123 124 132 142 231 241 312 314 321 342 412 413 423 431 432 
FCCs 
Water Bodies Moderate Very Good Moderate Very Good Moderate Very 
Good 
Canals Moderate Moderate Moderate Very Good Moderate Very 
Good 
Moisture Poor Poor Moderate Very Good Poor Very 
Content Good 
Soils Good Moderate Moderate Very Good Moderate Very 
Good 
Forest Very Good Good Very Good Very Good 
Good Good 
Cropland Very Good Good Moderate Very Good Good Very 
Good 
Followtand Poor Good Poor Very Good Moderate Very 
Good 
Geomorphic Moderate Good Moderate Very Good Moderate Very 
Features Good 
Wasteland Moderate Moderate Moderate Very Good Moderate Very 
Good 
Drainage Poor Moderate Moderate Good Moderate Very 
Good 
Roads Very Good Very Good Very Good Very Good 
Good Good 
Settlements Poor Poor Moderate Moderate Poor Moden 
Railway Good Good Good Good Very Good 
Lines Good 
Moderate Good 
Moderate Good 
Poor Very 
Good 
Moderate Very 
Good 
Very Good 
Good 
Moderate Very 
Good 
Poor Very 
Good 
Moderate Very 
Good 
Moderate Very 
Good 
Moderate Good 
Good Good 
Poor Moder 
ate 
Good Good 
Moderate 
Moderate 
Poor 
Moderate 
Very 
Good 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Good 
Poor 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Excellent 
Excellent 
Very 
Good 
Very 
Good 
Very 
Good 
Good 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Excellent Excellent 
Very 
Good 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Good 
Good 
Very 
Good 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Good 
Good 
Good 
Very Good Very 
Good 
Moderate Good 
Very Good Moderate 
Very Good Good 
Good Good 
Very Good Very 
Good 
Good Very 
Good 
Very Good Very 
Good 
Very Good Very 
Good 
Good Good 
Good Good 
Good Good 
Good Good 
Very 
Good 
Very 
Good 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Good 
Very 
Gooc 
Gooc 
Gooc 
Gooc 
Gooc 
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Intensity Hue and Saturation 
In the intensity hue and saturation (IHS) transformation, the gray brightness 
levels of the image are converted to RGB system using intensity, hue and 
saturation. Intensity represents brightness variations which range from black 
(0) to white (255), hue represents the dominant wave length of the color. 
Saturation represents the purity of color. A saturation of 0 represents a 
completely impure color in which all wavelength are equally represented and 
follow the gray line (Lillesand,1987). The range of saturation is also taken 
from 0 to 255 for reasons of consistency with 8 bit processing. The 
combination of the 3 band data in the RGB system to produce IHS image 
which give new color composites with significant improvements over the 
original scene (Plate - 23 a, b, c, d, e & f). The wide range of colors and 
improved discrimination between color help mapping of separate units. The 
IHS values are related to RGB values through the following transformation 
equation: 
I = R + G + B 
H = G - B/1 - 3B 
S = I - 3B/1 
for the interval 0 < H < 1 extended to 1 < H < 3. 
The quality response for different themes in IHS transformation is given in 
Table - 8. 
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Table - 8 Quality response of various themes in different IHS combinations 
Themes 432 423 342 324 234 243 
Water Bodies Good Good Very Good Good Good Good 
Canals Moderate Moderate Very Good Moderate Poor Good 
Moisture Content Good Good Good Moderate Moderate Good 
Soil Moderate Good Good Good Moderate Good 
Cropland Moderate Moderate Moderate Moderate Good Moderate 
Fallow Land Moderate Moderate Good Moderate Moderate Moderate 
Geomorphic Moderate Moderate Good Good Good Good 
Feature 
Wasteland Moderate Good Good Moderate Moderate Moderate 
Lithology Good Moderate Moderate Moderate Moderate Moderate 
Drainage Good Good Very Good Good Good Very Good 
Roads Poor Poor Good Poor Poor Good 
Railwaylines Poor Poor Moderate Poor Poor Good 
Settlements Moderate Moderate Good Moderate Moderate Good 
From the visual interpretation of the image quality it has been observed that 
color assignment to bands 4 & 3 data in the RGB scheme improves the 
interpretability of the themes if bands 4 & 3 are given priority in the RGB 
scheme (Plate - 23 a, b, c, d, e & f). 
Special False Color Composites 
The concept of Special FCC's was attempted to perform independent 
transformation on the Dn value of input pixel through band ratioing and 
principal component analysis. Through gray level to color transformation we 
are able to achieve the enhancement of themes. The three overlays of pixel in 
different bands are assigned to RGB system to create FCC, in the present 
study the band data were processed by band ratioing and principal component 
analysis to obtain new Dn values for the pixel. The logic followed in the 
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present study is dictated by the fact that in the plain ecosystem of Yamuna 
Basin the landform, landuse, lithological characteristics are more or less 
uniform over large areas. As a result the Dn values in different bands in the 
visible region of the EMR are highly correlated. The ratioing of brightness 
levels in different bands and principal component analysis results in non-
correlated brightness levels for pixels, which when assigned to RGB color 
scheme produce output which have sharp contrast in IHS level for the three 
overlays of a given pixel, which when fused into FCC produce theme 
information in an enhanced mode (Plate - 24 a, b, c, d, e, f & g). Table - 9 
presents the quality response of Special FCC's for different themes. 
These FCC's act as unsupervised classified images which can be used for 
visual interpretation using ground truth as thematic keys. 
Table - 9 Quality response of different themes in special FCC's 
Themes 
Water Bodies 
Canals 
Moisture Content 
Soils 
Forest 
Cropland 
Followland 
Geomorphic Feature 
Wasteland 
Drainage 
Roads 
Settlements 
Railwaytines 
4/2 3/2&Band4 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Very Good 
Moderate 
Very Good 
Very Good 
Very Good 
Good 
3/2.4/2&Band3 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Good 
Very Good 
Moderate 
Very Good 
Very Good 
Good 
Good 
4/3 3/4&Band4 
Very Good 
Very Good 
Very Good 
Poor 
Moderate 
Moderate 
Moderate 
Poor 
Poor 
Very Good 
Moderate 
Moderate 
Poor 
3/4,3/2&Band2 
Very Good 
Good 
Very Good 
Poor 
Moderate 
Moderate 
Moderate 
Moderate 
Poor 
Very Good 
Good 
Moderate 
Moderate 
PC12Band4 
Very Good 
Moderate 
Very Good 
Moderate 
Poor 
Moderate 
Moderate 
Moderate 
Poor 
Very Good 
Moderate 
Moderate 
Moderate 
PC12R4/3 
Very Good 
Good 
Very Good 
Moderate 
Poor 
Moderate 
Moderate 
Good 
Poor 
Very Good 
Good 
Moderate 
Good 
B4PC1 R4/3 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Moderate 
Good 
Good 
Very Good 
Good 
Moderate 
Moderate 
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Principal Components Analysis 
The Principal Component Analysis (PCA) or Karhunen-Loeve analysis 
(Loeve,1948) is useful for analysis of highly correlated multi-spectral 
remotely sensed data (Press et. al., 1988; Jahne, 1995). The transformation of 
raw remote sensor data using PCA can result in new principal component 
images that may be more interpretable than the original data (Rosenfeld,1982; 
Jhane,1995). For PCA the transformation is applied to a correlated set of 
multispectral data, application of the transformation to the correlated remote 
sensor data will result in another uncorrelated multispectral dataset that has 
certain ordered variance properties. This transformation is conceptualized by 
considering the two-dimensional distribution of pixel values obtained in two 
bands, wich can be labeled as Xi and X2. The spread or variance of the 
distribution of points is an indication of the correlation and quality of 
information associated with both bands, if all the points are clustered in an 
extremely tight zone in two dimensional space, these data will provide very 
little information. 
The initial measurement coordinate axes Xj and X2 may not be the best 
arrangement in multi-spectral feature space to analyze the remotely sensed 
data associated with these two bands. The PCA will translate and/or rotate 
the original axes so that the original brightness values on axes X] and X2 are 
redistributed (reprojected) onto a new set of axes as X'i and X'2. The X'i 
coordinate system might then be rotated about its new origin (|ii,u2) in the 
new coordinate system some § degrees so that the first axis X'i is associated 
with maximum amount of variance in the scatter point, this new axis is called 
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as first principal component axis PC, - Xi. The second principal component 
axis PC2 = h is orthognal to PC]. Thus the major and minor axis of ellipsoid 
of points in bands Xi and X2 are called the principal components. To 
reproject the original data on the X] and X2 axes onto the PQ and PC2 axes 
certain linear transformation are to be applied to original pixel values. The 
linear transformation required is derived from the covariance matrix of the 
original data set. Thus, this is a data dependent process with each data set 
yielding a different transformation coefficients. The transformation is 
calculated from the original spectral statistics (Short, 1982) as follows: 
• The n x n covariance matrix, Covariance of the n - dimensional remote 
sensing data set to be transformed is computed. Use of covariance matrix 
results in an unstrandardized PCA, whereas use of the correlation matrix 
results in a standardized PCA. 
• The eigenvalues E=[XL1, X22, X3.3, , XiyJ and eigenvectors EV=[akp... 
for k-1 to n bands and p=l to n components]. 
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where EV is the transpose of the eigenvector matrix, EV, and E is a diagonal 
covariance matrix whose elements >.ii, called as eigenvalues, are the variance 
of the p* principal components, where p=l to n components. The 
nondiagonal eigenvalues, >ai are equal to zero and therefore be ignored. The 
number of nonzero eigenvalues in an n x n covariance matrix always equal n, 
the number of bands examined. The eigenvalues are often called components 
(eigenvalue 1 may be referred to as PCi) where Ap is the p* eigenvalue out of 
the possible n eigenvalues. By calculating the correlation of each band K with 
each component p, it is possible to determine how each band is associated 
with each principal component. The equation is 
Rkp = aup X Ap/VVark 
where akP = eigenvector for band k and component p 
Xp = p* eigenvalue 
Vark = variance of band k in the covariance matrix. 
The above computation result in a new n x n matrix. Each component 
contributes different information and it can be seen in different images. To do 
this it is necessary to identify the brightness values (BV,^) associated with 
each pixel. 
Loeve (1955) and Castleman (1977) suggest that standardized PCA (based on 
computation of eigenvalues from correlation matrices) is superior to 
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unstandardized PCA (computed from covariance matrices) when analyzing 
change in multitemporal image datasets. The PCA for Band 1, 2, 3 and 4 has 
given high contrast outputs (Plate - 25 a, b, c, d & e). The data set for the Dn 
values in the visible range are highly correlated. The rotation to the new co-
ordinate system X] and X2 produces highly non-correlateable brightness 
value, which have resulted in high contrast of the outputs (Plate - 25 a, b, c, d 
& e). The quality response of various themes to PCA is given in Table -10. 
Table -10 Quality response of themes in Principal Component Analysis 
Themes 
Water Bodies 
Canals 
Moisture 
Content 
Soil 
Cropland 
Fallow Land 
Geomorphic 
Feature 
Wasteland 
Lithotogy 
Drainage 
Roads 
Railwaytines 
Settlements 
PC1 
Good 
Good 
Moderate 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Good 
Good 
Good 
Poor 
PC2 
Good 
Moderate 
Very Good 
Good 
Very Good 
Moderate 
Very Good 
Poor 
Moderate 
Moderate 
Poor 
Poor 
Good 
PC3 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Poor 
Very Good 
Very Good 
Good 
Moderate 
Good 
FCC (PCA) 123 
Very Good 
Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Very Good 
Moderate 
Moderate 
Poor 
Good 
FCC(PCA)321 
Very Good 
Good 
Very Good 
Very Good 
Good 
Good 
Good 
Good 
Moderate 
Very Good 
Moderate 
Poor 
Moderate 
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Image Classification 
The computer aided classification of the remotely sensed data is based on the 
concept that a pixel is characterized by its spectral signatures, which vary in 
different wave bands. The spectral signatures of themes are assigned gray 
level or color which relate the Dn values to thematic information. The 
informaion extraction process which analyze the spectral signatures and 
assign the pixel to thematic categories based on similarity of Dn values is 
referred to as classification. There are two types of classification : 
• Unsupervised Classification 
• Supervised Classification 
Unsupervised Classification 
In this classification numerical operations are performed that search for 
natural groupings of the spectral properties of pixels as examined in an image. 
The computer selects the mean class and covariance matrices to be used in 
classification. Once the data is classified, the classified data are assigned to 
some natural and spectral classes and the spectral classes are converted to 
information classes of interest. Some of the clusters are meaningless as they 
represent mixed classes of earth surface materials. The unsupervised 
classification attempts to cluster the Dn values of the scene into natural 
boundaries using numerical operations. In the present study sequential 
clustering, statistical clustering and isodata classification have been adopted. 
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Sequential Clustering 
This clustering algorithm operates in a two-pass mode. In the first pass, the 
program reads through the data set and sequentially builds clusters (group of 
points in spectral space). There is a mean vector associated with each cluster. 
In the second pass, a minimum distance classification to means vector 
algorithm is applied, pixel wise, where each pixel is assigned to one mean 
vector created in pass 1. 
Pass 1: Cluster Building 
During the first pass, the analyst may be required to supply four types of 
information: 
1. R, a radius in spectral space used to determine when a new cluster should 
be formed. 
2. C, a spectral space distance parameter used when merging clusters. 
3. N, the number of pixels to be evaluated between each merging of the 
clusters 
4. Cmax, the maximum number of clusters to be identified by the algorithm 
These can be set top default values, if no initial human interaction is desired. 
In the sequential clustering the data set are evaluated sequentially from left to 
right (line 1 , column 1). The brightness value associated with each pixel in 
the image represent the mean data vector of cluster, it is an n-dimensional 
mean vector where n represent the number of bands. If the spectral distance 
(D) between two clusters is greater than R, the mean data vector of cluster 1 
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becomes the average of 1st and 2nd pixel brightness values. The spectral 
distance (D) is computed using Pythagorean theorem. If the distance between 
two clusters is less than D then the two clusters are merged together. 
Pass 2 : Assignment of pixels to one of the Cmax Clusters using Minimum-
Distance Classification Logic 
The final cluster mean data vectors are used in a minimum-distance to means 
classification algorithm to classify all the pixels in the image to one of the 
Cmax cluster. It is necessary to evaluate the location of the clusters in the 
image, label and combine. It is usually necessary to combine some clusters. 
Cluster labelling is performed by interactively displaying all the pixels 
assigned to an individual cluster, making it possible to identify their location 
and spatial association with other clusters. This interactive visual analysis in 
conjunction with the information provided in the scatter plot, allow to group 
clusters into information classes (Plate - 26). This classification has enhanced 
hard rocks occurring as dark magenta, vegetation is expressed as lavender 
and surface moisture is expressed as golden & yellow hue (Plate - 26). 
Statistical Clustering 
This method of unsupervised classification takes into account the 
homogeneity of neighboring group of pixels, instead of considering individual 
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pixels equally. The algorithm uses 3 x 3 sets of contiguous pixels that have 
similar measurement vectors. The assumption behind this algorithm is that 
contiguous, homogenous pixels usually indicate a spatial pattern within the 
data that is worth classifying. (Plate - 27). The process consists of two parts : 
• Homogeneity within the window of pixels being considered 
• Cluster merging and deletion 
Horn ogeneity Par am eters 
Window of nine pixels (3 x 3) are tested for homogeneity, from the upper left 
corner of the data, moving one window at a time, so that the window do not 
overlap. Skip factor may be specified so that every Xth window across and 
every y01 window down is tested. The mean and standard deviation are 
calculated for the nine pixels in each band. These values are compared to the 
values entered. 
• L, a lower bound for the standard deviation. This value is usually small, 
but not equal to zero. Its primary purpose is to prevent clusters with a 
standard deviation of zero in any band. A cluster with a standard deviation 
of zero will also have a covariance of zero with any band, causing zeros to 
appear in the covariance matrix. 
• U, is an upper bound for the standard deviation. The higher the standard 
deviation is for one band, the less homogenous the data is in that band. 
Therefore the upper bound is a ceiling for the amount of variation within a 
window. 
• The coefficient of variation V is an alternative test for homogeneity, 
based on the mean of the cluster. 
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The effect of this processing on the scene is separation of hard rock from 
alluvial cover. The vegetation is expressed as lavender and moisture by 
golden and yellow hue (Plate - 27). The boundaries have been lost. The 
unsupervised classification is not helpful for standard FCC in an alluvial 
terrain. 
Isodata Classification 
Isodata stands for Iterative Self Organizing Data Analysis Technique. It is 
iterative as it repeatedly performs an entire classification and recalculates 
statistics. Self Organizing refers to the way in which it locates cluster with 
minimum user input. The Isodata classification uses minimum spectral 
distance to assign a cluster for each pixel, it will begin with a specified 
number of arbitrary cluster means and then it processes repetitively, so that 
those arbitrary means will shift to the mean of the cluster in the data. Clusters 
with large variances are split and clusters with smaller variances are merged. 
This process helps in mapping information classes like separating hard rocks 
from alluvial terrain (Plate - 28). 
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Supervised Classification 
In supervised classification the analyst has to specify all the parameters. The 
steps that are to be taken while attempting supervised classification are : 
• An appropriate classification scheme must be adopted. 
• Representative training sites may be selected. 
• Statistics must be extracted from the training site spectral data. 
• The statistics are analyzed to select the appropriate features (band) to be 
used in classification process. 
• Select the appropriate classification algorithm. 
• Classify the imagery into m classes. 
• Statistically evaluate the classification accuracy. 
The Classification Scheme 
The categories of interest must be carefully selected and defined to 
successfully perform digital image classification. It is essential to realize the 
fundamental difference between the information classes (defined by analyst) 
and spectral classes (inherent of sensor). The major point of difference 
between various classification schemes are their emphasis and ability to 
convert spectral classes into information classes remote sensing data. 
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Training 
The aim of training is to obtain sets of spectral data that can be used to 
determine decision rules for the classification of each pixel in the whole 
image data set. The training data for each class must be representative of all 
data for that class. Each training site consists of many pixel, conventionally it 
is taken that if there are n number of bands the number of pixels in each band 
is n+1. The mean, standard deviation, variance, minimum value, maximum 
value, variance-covariance matrix and correlation matrix for training classes 
are calculated, which represent the fundamental information on the spectral 
characteristics of all classes. Since for selection of appropriate bands only this 
information is not enough, thus feature selection is used. 
Feature Selection 
It is the process of discriminating each class of interest and to determine the 
bands in which a particular class is highlighted. Feature selection involves 
both statistical and/or graphical analysis to determine the degree of 
seperatibility between classes. Combinations of bands are normally ranked 
according to their ability to discriminate each chss from all others using n 
bands at a time. 
On the basis of above training sets are prepared and the image can be 
classified there are several types of classifications methods. The classification 
attempted are : 
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Parallelepiped Classification 
The classification is based on simple Boolean logic. Training data in n 
spectral bands are used in performing the classification. Brightness values 
from each pixel of the multispectral imagery are used to produce an n-
dimensional mean vector, Mc. Where Mc = (^i , ^2, Hc3, Hcm) with u<;k, 
being the mean value of the training data obtained for class c in band k out of 
m possible classes. Sck is the standard deviation of the training class c in band 
k out of m possible classes. Using one standard deviation threshold, a 
parallelepiped algorithm decides BVljk is in class c, if 
Heir SCk ^ BV i jk <Hck+ Sck 
where c=l,2,3, m number of classes 
k=l,2,3, n number of bands 
thus the low and high decision boundaries are defined as 
Lowck =Hck- Sck 
High^Mck+Sck the parallelepiped algorithm becomes 
Lowck < BVljk < Highck 
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These decision boundaries form an n dimensional parallelepiped in future 
space. If the pixel value lies above the lower threshold and below the high 
threshold for all n bands evaluated it is assigned to that class. When an 
unknown pixel does not satisfy any of the Boolean logic criteria, it is assigned 
to an unclassified category. Increasing the size of thresholds to classify the 
unclassified category, would increase the size of the parallelepipeds and 
introduce significant amount of overlap among many parallelepipeds resulting 
in classification error. Perhaps these pixels belong to the class that has not 
been trained. The parallelepiped algorithm is computationally efficient 
method, unfortunately because some perallelepipeds overalp, it is possible 
that an unknown candidate pixel might satisfy the crieria of more than one 
class, in such cases the pixel is asigned to the first class for which it meets all 
criteria (Lillesand and Kiefer,1987). The parallelepiped classification in multi-
band data has resulted in loss of thematic classes (Plate - 29). The hard rocks 
and canal command agriculture fields have similar expression. 
The Minimum Distance to Mean Classification 
This is a simple and commonly used classification algorithm and the 
classification accuracies are comparable to any other classification. The user 
in this classification has to provide the mean vectors for each class in each 
band Hck, from the training sets. In this classification distance of each mean 
vector jick is calculated for each unknown pixel (BVyk), this distance is 
calculated using Euclidian distance based on Pythagorean theorem or "around 
the block" distance measures. The computation of the Euclidian distance from 
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point a (x,y) to the mean of class 1 ( i^x, jiy) measured in band k and 1, relies 
on equation : 
Distance = V(BVijk-Hck)2 +(BVijrHci)2 
where Hck and ^ represent the mean vectors of class c meansured in bands k 
and 1. The subscript for class c is incremented from 1 to n, by calculating the 
Euclidian distance from point a to the mean of all the classes, it is possible to 
determine which distance is shortest. In minimum distance a threshold can be 
assigned from the class means, beyond which a pixel will not be assigned to a 
category even though, it is nearest to the mean of that category (Plate - 30). 
When more than two bands are evaluated in a classification, it is possible to 
extend the logic of computing the distance between just two points in n-space 
using equation. 
n 
Distance = V I (a rbi)2 
i=l 
Seven training sets were provided for the scene to use the above distance 
based classifer. This processing combined them into three represented by red, 
green and neutral color. The paleo-channels and hard rocks show similar hue 
(piestachu green). Yamuna river has been lost in the image (Plate - 30). 
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The Maximum Likelihood Classification 
This classification assigns each pixel having feature x to the class c whose 
units are most probable to have given rise to feature vector x. It assumes that 
training data statistics for each class in each band are Gaussian in nature 
(Uni-modal). Bi-modal or tri-modal histograms in a single band are not ideal 
for max-like classification, in such cases, individual modes probably represent 
individual classes that should be trained upon individually and labelled as 
separate classes, thus producing unimodal data. 
Maximum Likelihood classification make use of the mean measurement 
vector, M ,^ for each class and covariance matrix for class c for bands k 
through i, Vt. 
pL > p„ where i=l,2,3, m possible classes 
pc ={-0.5 log [det (Vc)]} - {0.5 (X-MJ1 (V,"1) (X-Mc)\ 
where det (Vc) is the determinant of the covariance matrix (Vc). 
To classify the measurement vector x of an unknown pixel into a class, the 
maximum likelihood decision rule computes the value pc for each class. Then 
it asigns the pixel to the class that has the maximum value (Plate - 31). The 
classification has enhanced the drainage, the active channel of Yamuna is 
recorded as white, paleo-channel as dark green. The hard rocks are combined 
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with paleo-channels in this classification. The sandy soil and crop 
fallow/wastelands show red hue (Plate - 31). 
The supervised and unsupervised classification can be meaningfully used two 
band data, in multi-band FCC the spectral signatures of thematic information 
tend to be lost due to smoothing, clustering and averaging operations inherent 
in statistical treatment of large volume of digital data. The combination of 
Parallelepiped-Maximum Likelihood and Parallelepiped-Minimum Distance 
was attempted and the results are found to be more suitable for thematic 
interpretation (Plate - 32 & 33). 
Table - 11 Quality response of various themes in different classifications 
Themes 
Water Bodies 
Canals 
Moisture Content 
Soil 
Cropland 
Fallow Land 
Geomorphic Feature 
Wasteland 
Lrthology 
Drainage 
Roads 
Railwaylines 
Settlements 
Forest 
Unsupervised Classification Supervised Classification 
Sequential Clustering 
Moderate 
Poor 
Moderate 
Very Good 
Good 
Good 
Moderate 
Good 
Very Good 
Moderate 
Poor 
Poor 
Poor 
Very Good 
Statistical Clustering 
Moderate 
Poor 
Moderate 
Very Good 
Good 
Good 
Moderate 
Good 
Very Good 
Moderate 
Poor 
Poor 
Poor 
Very Good 
Isodata Paraellepiped 
Moderate Good 
Poor Good 
Moderate Moderate 
Very Good Moderate 
Good Moderate 
Good Moderate 
Moderate Moderate 
Good Poor 
Very Good Poor 
Poor Poor 
Poor Very Good 
Poor Moderate 
Poor Poor 
Very Good Poor 
Minimum Distance 
Moderate 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Moderate 
Poor 
Very Good 
Good 
Good 
Poor 
Poor 
Maximum Likeryhood 
Very Good 
Good 
Very Good 
Good 
Good 
Good 
Good 
Moderate 
Poor 
Very Good 
Good 
Good 
Poor 
Poor 
CHAPTER - III 
Geomorphology 
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GEOMORPHOLOGY 
General Statement 
The study on geomorphology was carried out with village level resolution as 
part of Ph.D. program for Aligarh, Mathura districts Uttar Pradesh and 
Bharatpur district, Rajasthan, in parts of Yamuna basin. The landforms of the 
geomorphic zones have been described and drainage morphometry is 
presented for the study area. 
Geomorphic Zones 
The Yamuna basin in the study area has been divided into eight geomorphic 
zones based on geomorphic landforms, topographic elevation, using 
photographic and geotechnical elements etc. 
The area comprise the following geomorphic zones: 
1. Structural Hills and Valleys of Delhi Supergroup 
2. Vindhyan Plateau 
3. Burried Pediment 
*. Varanasi Older Alluvial Plain 
5. Migarh Older Alluvial Plain 
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6. Older flood plain of Yamuna basin 
7. Recent Flood Plain of Yamuna River and tributaries 
8. Aeolian Deposits 
1. Structural Hills and Valleys of Delhi Supergroup 
The hills and ridges of the Bay ana, Ajabgarh and Alwar groups of Delhi 
Supergroup form hogback and cuesta outcrops aligned in NE-SW to ENE-
WSW directions in the northern and southern parts of the Bharatpur district 
(Fig. 3). The cuesta, hogback and erosional valleys are prominent geomorphic 
elements which constitute this zone: 
a. Cuesta 
Cuesta ridges (Lobeck,1939; Thornbury,1954) in the Bayana Group are 
aligned in a linear pattern in ENE-WSW direction developed near Deeg in the 
north and around Bayana in the southern part of the district. The geomorphic 
unit is identified on TM FCC output by its dark tone, linear pattern, isolated 
hillocks, parallel pattern of first order channels and scanty or no vegetation. 
The Cuesta topography has been controlled by gently dipping strata with 
moderate resistance to erosion and exhibits asymmetrical ridge profile. 
b. Hogback ridges 
The hogbacks (Cotton,l944,1952; Lobeck,1939; Thombury,1954) occur as 
NE-SW trending steep ridges of Delhi Supergroup with symmetrical profile 
defining the main architecture of the Aravalli ranges, forming natural 
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fortification on the western boundary of the Bharatpur district in Pahari and 
Kaman Tahsils. 
The dip slopes and obsequent slopes are nearly symmetrical and smooth. In 
the TM FCC the ridges are defined by tonal banding, linear forms, parallel 
drainage and symmetrical profile. Vegetation cover is scanty and resistance to 
erosion is high. The continuity of the ridges at places is punctuated by faults 
or joint controlled drainage. These are seen prominently in the Pahari and 
Kaman Tahsils. The Kaman ridge terminates at Barsana in Mathura district, 
while the Pahari hogbacks continue northwards in Haryana and Delhi states, 
in south these merge with the I alsot Hills of Rajasthan. 
c. Erosional Valleys 
The erosional valleys are developed within the Bayana Hill ranges and in 
Pahari and Kaman Tahsils of Bharatpur District, in association with the 
structural hills. These are characterized by depressed topography, carved out 
of soft lithologies in the rocks of Delhi Supergroup. The erosional valleys are 
sandwich within the hogback zone and exhibit restricted agricultural practice, 
centripetal drainage and form rib and furrow topography due to low to 
moderate resistance to erosion of the litholc gies constituting the Erosional 
Valleys. 
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2. Vindhvan Plateau 
The Vindhyan Plateau in the southern part of the Bharatpur district forms the 
monolith overlooking the Varanasi Older Alluvial Plain of Bharatpur and 
Banganga valley. This zone is defined by Cuesta hills of the Upper Bhandar 
Sandstone and hogback ridges of Rewa Sandstone of the Vindhyan 
Supergroup. The hogback ridges strike in ENE-WSW direction in a linearly 
stretched belt aligned parallel to the Great Boundary Fault which separates 
the Vindhyan Plateau from the rocks of Bay ana Group and Delhi Supergroup. 
The cuesta hills occupy higher topographic elevation in the Vindhyan Plateau 
and range in elevation from 220 m to 318 m. These are characterized by 
structurally controlled drainage, the drainage density is medium to low, 
resistance to erosion is moderate to high, the Cuesta in the Vindhyans are 
remnants of inliers of palaeo-planar surfaces in the area (Iqbaluddin, 1996a). 
Besides, these hogback and Cuesta hills, the Vindhyan Plateau is also 
characterized by association with loess and ravines. 
3. Buried Pediment 
This geomorphic zone occupies a significant area in the north, south-west and 
north-eastern parts of the district fringing the structural hills of Delhis and 
Vindhyan plateau in Pahari, Kaman and Bayana Tahsils. The zone is 
characterized by undulating topography, accidented slope, thin alluvial cover, 
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higher elevation as compared to the Aligarh Older Alluvial Plain and 
favourable soil conditions for agricultural practice. 
This zone is identified on the remotely sensed data by light to medium tone, 
sharp contact with the adjacent geomorphic zones, irregular boundary outline 
and partly internal drainage with low drainage density. 
4. Varanasi Older Alluvial Plain 
This geomorphic zone corresponds to the Older Alluvium Group of the Indo-
Gangetic plain (Krishnan,1982). The word Alluvium is derived from the Latin 
word for "Flood", it is more or less stratified deposit of gravel, sand, silt clay 
or other debris moved by streams from higher to lower ground. The term 
Alluvium was widely used in Central Europe for the Holocene stage as 
distinct from "Diluvium" which is Pliestocene in age. In the Indian context the 
term Alluvium has been used for the Quaternary' deposits which are 
genetically related to fluvial dynamics. During the Pleistocene glaciation in 
India most of the rivers from the northern provenance had little discharge due 
to glaciation. However, the southern provenance of Vindhyan Uplands 
supported a very well developed drainage network, which poured the 
sediments during the Pleistocene in the depression between Himalayas in the 
north and Vindhyans in the south. The alluvial deposits of the Indo-Gangetic 
plain which have a mix source with dominant clastic supply from the 
Vindhyan Uplands during the Pliestocene sedimentation are referred as 
12 
Varanasi Older Alluvial Formation and constitute geomorphologically the 
Varanasi Older Alluvial Plain (Iqbaluddin, 1996a). 
The Varanasi Older Alluvial Plain is characterized by uniformity in 
characters, gentle to moderate slope and extensive agricultural activity. The 
unit occupies large parts of Aligarh, Mathura and Bharatpur districts and 
higher topographical level with elevations ranging from 196 m to 182 m 
above M.S.L. This geomorphic unit can be identified on TM FCC by its 
bright to medium tone, irregular boundary outline and association with 
agricultural practice. The local water logging conditions are also prevailing in 
this unit and it can be easily picked up by dark tone on TM FCC image. The 
soils of this zone exhibit dominantly sandy nature comprising 67.36% sand 
with admixture of clay and silt and the texture of the soil is medium to fine 
(Fig. 2). 
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Fig. 2. Clastic assemblage in Varanasi Older Alluvial Formation 
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5. Aligarh Older Alluvial Plain 
This geomorphic zone occupies considerable area in the Aligarh, Mathura and 
Bharatpur districts and is characterized by the extensive development of 
paleo-channel deposits of an earlier north flowing drainage system (Fig. 3, 
Plate 22, 23) . The Aligarh Older Alluvial Plain represents the depositional 
history of an earlier drainage system, which originated from the Vindhyan 
Uplands in the south and had a regional slope towards north. This paleo-
drainage system was first recognized in the Aligarh district (Samdani,1990; 
Iqbaluddin,1992). The drainage density is coarse with dendritic to sub-
dendritic pattern (Fig. 3, Plate 22, 23). 
This unit is easily picked up on LANDS AT TM FCC Image of bands 2, 3 and 
4 by its bright hue and intensity, irregular boundaries, sharp contacts, 
development of paleo-channels. The association of saline/ alkaline patches is 
the characteristic feature of the Aligarh Older Alluvial Plain, locally known as 
Usarland which exhibit bright tone on TM FCC. 
The natural vegetation on this geomorphic surface is poor but it is under 
heavy agricultural practice for seasonal crops. The main vegetation include 
the fruit orchards, sporadic Babul, Neem, Jamun, Mango and Guava 
plantations etc. 
Lithologically of this unit consists of admixture of sand, silt and clay, texture 
is fine to very fine (Fig.4) and color of the alluvial material is gray to 
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yellowish brown. Stratigiaphically the unit corresponds to Older Alluvium 
Group (Das Gupta & Gupta, 1992). 
The zone represents almost uniform plain with elevation ranging from 178 m 
to 190 m. The scars and paleo-channels of the north flowing paleo-drainage 
are characteristic elements, picked up on LANDS AT TM FCC outputs. 
a. Paleo-channels 
The paleochannels correspond to the north flowing paleo-drainage (Fig. 3, 
Plate 22, 23), which originated from the south and predates the Newer 
Alluvium (Iqbaluddin et al.,1994). This plaeo-drainage was sub-dendritic 
with medium to high drainage density. The paleochannels are recognized on 
the TM FCC data by their medium to dark hue, curvilinear pattern, uniform 
texture and continuity beyond the district boundaries of Mathura and Aligarh. 
The groundwater conditions along these paleo-channels are good to very 
good & hydrochemically the water is potable. 
b. Scars 
These are the remnant of the highly sinuous paleo-drainage system (Dl), 
which were cut-off from the main channel. These are recognized northeast of 
Nadbai and north of Bharatpur (Fig. 3) by arcuate shape, uniformity in tone, 
isolated occurrence and depressed relief, characterized by loss of hydraulic 
continuity with parent channel, it is characteristic element of Aligarh Older 
Alluvial Plain. 
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Fig. 4. Clastic assemblage in Aligarh Older Alluvial Formation 
6. Older Flood Plain of Yamuna Basin 
The former levels of the valley floor of flood plain located at more or less 
constant heights above the present flood plain of Yamuna river has been 
mapped as Older Flood Plain in Yamuna basin. The unit represent composite 
surface formed by coalescence of depositional terraces which are 
homogeneous in lithological characters and have short aerial extent. The 
terraces constitute the flood plain deposits of Yamuna and its tributaries and 
have been distinguished into T2 and Ti level terraces in the Aligarh and 
Mathura districts. The surface occurring above the present day river channel 
has been designated as Ti terrace. Chronologically, T2 terrace is older than T] 
but both Ti and T2 correspond to Newer Alluvium Group (Das Gupta & 
Gupta,!992; Thussu et. al.,1992; Iqbaluddin,1994). 
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a. T2 Terrace 
This unit occupies a higher topographical level compared to Ti terrace. It is 
developed on the eastern bank of the Yamuna as a linear and continuos tract 
(Fig. 3). 
The T2 terrace ranges in elevation from 188 m to 176 m above M.S.L. This 
geomorphic unit can be recognized in the remotely sensed data from its tonal 
contrast with the Varanasi Older Alluvial Plain. It is medium to dark tone, 
occurring as continuos and prominent linearly stretch persistent belt, along the 
banks of Yamuna river. Meander scars are the characteristic land forms 
associated with this surface. The vegetation cover present on T2 terrace 
include seasonal crops, mango, guava and ber orchards. Besides trees like 
babul, neem, sheesham etc. have provided vegetal cover to the unit. 
b. Tj Terrace 
Ti terrace occurs as a continuos linear stretch between T2 terrace and the 
Recent flood plain of Yamuna river. It represents the paleo-flood plain 
deposits of Yamuna river and is developed along the banks of River Yamuna. 
Ti terrace is separated from the Recent Flood Plain and from T2 terrace by 
break in slope, which vary from lm to 3m. The nick points have been erased 
by extensive agricultural activity along the unit. This surface is homogenous 
in character and do not show much difference with T2 terrace. At places it is 
difficult to draw boundary between T2 & Ti terraces in the remotely sensed 
data output due to tonal similarity. It is a narrow and continuos zone and the 
cut-off meanders, representing the change in river courses and a sluggish low 
energy environment are characteristic elements associated with Ti terrace. It 
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occupies a lower topographical level than T2 terrace. The natural vegetation 
in the form of grasses and bushes is found in abundance, landuse is restricted 
for cultivation during the lean season and Rabi crops are generally sown 
along with seasonal vegetables. 
c. Older Flood Plain of Banganga River 
A younger set of abandoned paleo-channels south of Bharatpur and Nadbai 
define the earlier channel courses of the river Banganga and are helpful in 
reconstructing the channel migration of the Banganga river. These features 
show that Banganga is gradually shifting from north to south and the scars of 
the individual channels of this river are well picked up on TM FCC outputs 
(Fig. 3). In the digital data outputs these are recognized by light tone, uniform 
texture, linearity of tone, sharp contact, development of channel sinuosity etc. 
(Plate - 1, 22, 23) The water-table along the paleochannels is shallow but 
quality is not good. The landuse pattern is defined by agricultural activity. 
The Banganga paleo-channels are separated from the north flowing paleo-
drainage by the roughly east-west trend of these channels. The Nadbai-
Bharatpur water divide separates the Banganga paleo-channels in the south 
from the northeasterly flowing paleo-drainage of Aligarh Older Alluvial Plain. 
7. Recent Flood Plains of Yamuna 
Geomorphologically, a flood plain is among the most dynamic of topographic 
surfaces. This dynamic quality is due to its inter-relatedness to the dynamics 
of a whole system of processes that constitute a stre 
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Wolman (1957) suggest that the active flood plain is an area subjected to 
inundation by the annual flood (highest discharge in each year). The uniform 
frequency of flooding suggests relationship between the height of a flood 
plain and the stream that built it. Following Leopold and Wolman (1957) in 
the presnt study the area occupied by the present day river channel and 
adjoining areas (low lying plain), which is locally called "Khadir" has been 
included in the Recent Flood Plain of Yamuna. The Recent Flood Plain of 
Yamuna river has been demarcated on the basis of periodic inundation levels. 
This geomorphic unit is easily identified on TM FCC image due to its dark 
color, irregular shape, sharp geomorphic boundaries, presence of point bars/ 
channel bars, development of Ox-bow lakes and cut-off meanders. Khadir is 
sparsely populated with temporary settlements and rare agricultural practice 
of seasonal crops like Zaid. 
The Recent Flood Plain of Yamuna is under dynamic state and form active 
alluvium. The development of point bars/ channel bars, cut-off meanders etc. 
indicate that the river has built up its flood plain by lateral accretion process. 
The Recent Flood Plain of Yamuna correspond to Recent Alluvial Group. 
a. Recent Flood Plain of Tributaries of Yamuna River 
This includes the flood plain deposits of the Banganga and Gambhir rivers, 
which correspond to Quaternary period. These rivers are characterized by 
their overall sinuous courses. The Banganga and Gambhir rivers locally 
become braided and the two finally confluence in the north-west of Rupbas 
town forming a low lying plain adjacent to Vindhyan Plateau in the south. 
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The Banganga Recent Flood Plain is recognized on the remotely sensed data 
by its dark to medium hue, sharp contact with adjacent geomorphic zone, 
irregular boundary outline, low settlement density, restricted landuse pattern, 
association of point bars/channel bars, gully erosion, scars, badland 
topography, sand bars, etc. 
The Banganga river possibly indicate a drainage anomaly defined by the 
higher channel width in the western part (proximal end), as it enters from the 
adjacent Sawai Madhopur district, the channel width decreases at the distal 
end as it flows towards east (Fig. 3). This anomaly clearly indicates that there 
has been reversal in the drainage which was from east to west in contrast to 
the present day west to east flow (Iqbaluddin et.al., 1997). The drainage 
mutation in the area has possibly taken place in the Quaternary. The frequent 
floods in the Bharatpur district may be attributed to the drainage mutation in 
the area. 
8. Aeolian Deposits 
Sand dunes and the loess deposits are reported from the Nadbai, Nagar, 
Bayana and Rupbas Tahsils (Fig. 3). These sand dunes comprise > 85% sand, 
the grains are fine sub-angular to angular and forming 6-8 m high heap of 
sand. Texturally the sand is very well sorted to well sorted, fine to medium 
grain, possess high porosity, devoid of any biocover and has internal 
drainage. These are the aeolian features which have been brought to the area 
by wind action, but do not show the direction of the wind. In the remotely 
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sensed data outputs these reflect uneven texture, irregular shape and outline 
and are spatially associated with the Aligarh Older Alluvial Plain, Vindhyan 
Plateau and Bayana Hills, occuring as obstruction dunes and sand spread. 
Drainage 
The present day drainage of the Aligarh, Mathura and Bharatpur districts 
represented by Ganga and Yamuna and their tributary streams is referable to 
D3 system in terms of morpho-chronology. It is developed as superimposed 
drainage over a paleo-flood plain of a major river system which emerged from 
the Vindhyan Plateau and flowed towards north in the Central depression 
around Meerut in the Indo-Gangetic Plain. 
The Yamuna drainage basin in Aligarh, Mathura and Bharatpur districts is 
separated by major drainage divides following the Upper Ganga Canal in the 
east and the Aravalli Mountain range in the west (in Bharatpur) which 
separates it from Luni basin of western Rajasthan. 
This paleo-drainage (Dl and D2) predates the Newer Alluvium (see Joshi & 
Bhartiya, 1991; Iqbaluddin, 1996a; Iqbaluddin, et. al., 1997). The palaeo-
drainage has two cycles Dl and D2. The Dl drainage has a higher sinuosity 
than D2. The Dl drainage represent the mature stage and D2 drainage 
represents the rejuvenated phase characterized by linearity of channels. The 
relief mutation in the area during the Holocene period resulted in partial filling 
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of the paleo-flood plain by sediments which in the Indian Stratigraphic 
nomenclature have been assigned as Newer Alluvial Group. Radio Carbon 
dating of coeval sediments carried out from Ganga valley has indicated age 
11040 ± 190 Y.B.P. (Joshi and Bhartiya,1991) and from Yamuna Basin an 
age of 9960 ± 80 Y.B.P. has been indicated by 14C- method (Singh et 
al.,1997) for the paleo-drainage. 
Drainage Morphometry 
For purpose of morphometric analysis the D3 drainage system of Yamuna 
basin has been subdivided into micro-watersheds on the basis of micro-relief, 
slope, drainage characteristics and spatial relationship of the lower order 
channels with major rivers. The morphometric analysis has attempted 
quantification of micro-watershed in terms of Stream order, Stream number, 
Bifurcation ratio, Stream length, Mean stream length, Stream length ratio, 
Stream frequency, Drainage density, Texture ratio, Basin area, Basin 
elongation. Basin circulatity, Maximum basin relief, Relative relief, 
Ruggedness number. Infiltration number for each micro-watershed 
The Yamuna Basin has been sub-divided into twelve micro-watersheds, 
which have been designated as Yl, Y2, Y3, Y4, Y5, Y6, Y7, Y8, Y9, Y10, 
Yll and Y12. Seven micro-watershed have been recognized in Aligarh (Yl 
to Y7) and in Mathura district one micro-watersheds Y8 has been recognized. 
The Bharatpur district on the right bank of Yamuna Basin has four micro-
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watersheds which have been assigned as Y9, YIO, Yl 1 and Yl2 to fecilitate 
the description. Table -12 presents the list of the micro - watersheds and 
Table-13 gives their morphometric parameters. 
Table - 12 Micro-watersheds in the study area 
a Sengar Nadi Micro-watershed Yl 
b. Aligarh Drain Micro-watershed Y2 
c Somna Nala Micro-watershed Y3 
d. Karwan Nadi Micro-watershed Y4 
e Jamon Nadi Micro-watershed Y5 
f Patwaha Nadi Micro-watershed Y6 
g.DeharNadi Micro-watershed Y7 
h Yamuna Sub-basin Y8 
i Banganga Sub-Basin Y9 
j Gambhir Sub-Basin YIO 
k Kakund Sub-Basin Yll 
1 Kaman Sub-Basin Y12 
a. Sengar Nadi Micro-watershed (YD 
The Micro-watershed Yl covers about 909 km2 area in parts of Lodha, 
Jawan, Dhanipur, Sasni, Akrabad and Hasain blocks of Aligarh district. The 
morphometry of the study area drained by Sengar Nadi in the Aligarh district 
is presented in Table - 13. The Yl micro-watershed has twenty seven streams 
which include twenty four of 1sl order, two of 2nd order and one stream of 3 rd 
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order. The Bifurcation Ratio Rbl for 1st and 2nd order is 12 and Rb2 for 2nd 
and 3rd order is 2.0; Length of Stream Segment LI, L2 and L3 for 1st, 2nd and 
3rd order streams are 143.25 km, 17.5 km and 66.5 km respectively ; the 
Mean Stream Length is 5.98 km, 8.75 km and 66.50 km for 1st, 2nd and 3rd 
order streams respectively; Stream Length Ratio R2 and R3 is 1.46 and 7.6; 
The Drainage Density (D) is 0.25; Stream Frequency (f) 0.029; Texture Ratio 
(T) is 0.196; Form Factor (F) is 0.017; Basin Circulatity (Re) is 0.297; Basin 
Elongation (E) 291.66 km. Relative Relief (Rhp) is 0.106; Maximum Basm 
Relief (H) is 8 m; Ruggedness Number (HDd) of the basin is 3.73 for the Yl 
micro-watershed. 
b. Aligarh Drain Micro-watershed (Y2) 
An area of about 487 km2 between Somna Nala and Sengar Nadi separated by 
natural water divides in parts of Khair, Chandaus, Lodlia, Jawan, Iglas, 
Hathras, Sasni and Mursan blocks of Aligarh district has chocked drainage. 
The natural drainage has been missing. The hydraulic escape has been 
provided for the surface run off through drain constructed which is referred as 
Aligarh drain. The micro-watershed has total of nine streams which include 
eight of 1st order and one of 2nd order. The Bifurcation Ratio Rbl for 1st and 
2nd order is 8.0; Length of Stream Segment LI and L2 for 1st and 2nd order 
streams are 32.5 km and 68.0 km respectively; Stream Length Ratio R2 is 
16.79; The Drainage Density (D) is 0.205; Stream Frequency (f) 0.018; 
Texture ratio (T) is 0.057; Form Factor (F) is 0.048; Basin Circulatity (Re) is 
0.249; Basin Elongation (E) 140.31 km. Relative Relief (Rhp) is 0.102; 
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Maximum Basin Relief (H) is 16 m; Ruggedness Number(HDd) of the basin 
is 3.28 for the Y2 micro-watershed. 
c. Somna Nala Micro-watershed (Y3) 
The Somna Nala Micro-watershed (Y3) covers about 634 km2 area in parts of 
Chandaus, Lodha, Khair, Sasni, Gonda, Hatras, Iglas and Mursan blocks of 
Aligarh and Hathras districts which are drained by Somna drain, which 
discharges into Karwan Nadi. The Y3 micro-watershed has eight streams 
which includes five streams of 1st order, two of 2nd order, one stream of 3rd 
order. The Bifurcation Ratio Rbl for 1st and 2nd order is 2.5 and Rb2 for 2nd 
and 3rd order is 2.0; Length of Stream Segment LI, L2, and L3 for 1st, 2nd and 
3rd order streams are 62.75 km, 23.25 km and 35.25 km respectively; Stream 
Length Ratio R2, R3 are 0.92 and 3.03 respectively; The Drainage Density 
(D) is 0.19; Stream Frequency (f) 0.012; Texture Ratio (T) is 0.54; Form 
Factor (F) is 0.043; Basin Circulatity (Re) is 0.365; Basin Elongation (E) 
148.31 km. Relative Relief (Rhp) is 0.101; Maximum Basin Relief (H) is 15 
m; Ruggedness Number (HDd) of the basin is 2.85 for the Y3 micro-
watershed. 
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d. Karwan Nadi Micro-watershed (Y4) 
The Karwan Nadi Micro-watershed (Y4) covers about 548 km2 area in parts 
of Chandaus, Gonda, Iglas and Mursan blocks of Aligarh district and 61.22 
km2 area of Sadabad Tahsil in Mathura district which are drained by Karwan 
Nadi which in Mathura district is locally referred as Jharina stream. The 
micro-watershed has twenty three streams which include nineteen of 1st order, 
three of 2nd order and one stream of 3rd order. The Bifurcation Ratio Rbl is 
6.33, Rb2 is 3.0, Rb3 for 3rd order is 1; Length of Stream Segment LI, L2, 
and L3 for 1st, 2nd and 3rd order streams are 90.0 km, 30.5 km, 73.75 km 
respectively; Stream Length Ratio R2 and R3 is 2.95 and 0.41 respectively; 
the Drainage Density (D) is 0.318; Stream Frequency (f) 0.0394; Texture 
Ratio (T) is 0.102; Form factor (F) is 0.021; Basin Circularity (Re) is 0.248; 
Basin Elongation (E) 168.10 km. Relative Relief (Rhp) is 0.078; Maximum 
Basin Relief (H) is 13 m; Ruggedness Number (HDd) of the basin is 3.77 for 
the Y4 micro-watershed. 
e. Jamon Nadi Micro-watershed (Y5) 
The Jamon Nadi Micro-watershed (Y5) covers about 320 km2 area in parts of 
Khair, Gonda, Iglas and Mursan blocks Aligarh district which are drained by 
Karwan Nadi. The micro-watershed has seven streams which include six of 
1st order and one of 2nd order. The bifurcation ratio Rbl for 1st and 2nd order 
is 6; Length of Stream Segment LI and L2 for 1st and 2nd order streams are 
8.54 km, 26.0 km respectively; Stream Length Ratio R2 is 3.09; The 
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Drainage Density (D) is 0.24; Stream Frequency (f) 0.021; Texture Ratio (T) 
is 0.081; Form Factor (F) is 0.053; Basin Circularity (Re) is 0.191; Basin 
Elongation (E) 138.38 km. Relative Relief (Rhp) is 0.103; Maximum Basin 
Relief (H) is 15 m; Ruggedness Number (HDd) of the basin is 3.6 for the Y5 
micro-watershed. 
f. Patwaha Nadi Micro-watershed (Y6) 
The Patwaha Nadi Micro-watershed (Y6) covers about 227 km2 area East of 
Yamuna in parts of Tappal block Aligarh district which is drained by Patwaha 
Nala. The micro-watershed has only nine streams which include six of 1st 
order, two of 2nd order and one of 3rd order. The Bifurcation Ratio Rbl for 
1st and 2nd order is 3 and Rb2 for 2nd and 3rd order is 2; Length of Stream 
Segment LI, L2 and L3 for 1 st, 2nd and 3rd order streams are 27.25 km, 17.0 
km, 9.75 km respectively; Stream Length Ratio R2 and R3 are 1.87 and 1.14 
respectively; The Drainage Density (D) is 0.237; Stream Frequency (f) 0.39; 
Texture Ratio (T) is 0.116; Form Factor (F) is 0.077; Basin Circularity (Re) is 
0.474; Basin Elongation (E) 102.35 km. Relative Relief (Rhp) is 0.051; 
Maximum Basin Relief (H) is 4 m; Ruggedness Number (HDd) of the basin is 
0.948 for the Y6 micro-watershed. 
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g. Dehar Nadi Micro-watershed (Y7) 
The Dehar Nadi Micro-watershed (Y7) covers about 192 km2 area in parts of 
Tappal block Aligarh district which is drained by Dehar Nala & its tributries. 
The micro-watershed has four streams which include two of 1st order, two 
streams of 2nd order. The Bifurcation Ratio Rbl for 1st and 2nd order is 2 and 
Rb2 for 2nd order is 1; Length of Stream Segment LI and L2 for 1st, 2nd 
order streams are 10.62 km, 25.50 km respectively; Stream Length Ratio R2 
and R3 are 1.95 and 0.22 respectively; The Drainage Density (D) is 0.24; 
Stream Frequency (f) 0.02; Texture Ratio (T) is 0.057; Form Factor (F) is 
0.887; Basin Circulatity (Re) is 0.506; Basin Elongation (E) 68.59 km. 
Relative Relief (Rhp) is 0.101; Maximum Basin Relief (H) is 0.7 m; 
Ruggedness Number (HDd) of the basin is 1.68 for the Y7 micro-watershed. 
i. Yamuna Micro-watershed (Y8) 
The Yamuna Micro-watershed (Y8) forms the dominant drainage network in 
the Mathura district and covers an area of 1050 km2 in the Central Part of the 
district. The total number of streams in this micro-watershed is 102, out of 
which seventy' eight are of 1st order, twenty streams are of 2nd order, three of 
3rd order and one of 4th order which is the main Yamuna channel. The 
Bifurcation Ratio (Rb) are 3.9 for 1st and 2nd order, 6.6 for 2nd and 3rd order, 3 
for 3rd and 4th order streams. Stream Lengths are 220 km for 1st order, 4 km 
for 2nd order, 61 km for 3rd order and 45.66 km for 4th order respectively. 
The Total Length of all the streams is 420.66 km, Mean Stream Length (ML) 
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are 2.82 km for 1st order, 4.7 km for 2nd order, 20.33 km for 3rd order and 
45.66 for the 4th order stream. The Stream Length Ratios R2, R3 and R4 are 
1.66, 4.32 and 2.24 respectively. The Drainage Density (D) of the Yamuna 
sub-basin is 0.40 and Stream Frequency (f) is 0.09 which together indicate a 
highly permeable sub-soil material and low relief. Texture Ratio (T) is 0.16 
representing coarse to medium texture. Basin Elongation (E) and Basin 
Circulatity (Re) values are 0.41 and 0.41 respectively, indicating a 
homogeneous material. Infiltration Number (INF) is 0.23 for Y8 micro-
watershed. 
i. Banganga Micro-watershed (Y9) 
The Banganga Micro-watershed (Y9) covers an area of about 259.37 km2 in 
the south Central part of Bharatpur district. The perimeter of the sub-basin is 
about 86 km and Maximum Basin Length (Lb) is 33.75 km. The total number 
of streams (Nu) of the various orders is 40, out of which the number of 1st 
order streams is 31, the number of 2nd order is 8 and that of 3rd order is 1. The 
Total Length of all the Stream (Lu) is 173.0 km, the length of 1st order 
channels is 106.25 km, the 2nd order is 49.0 km and of 3rd order is 18.75 km 
respectively. The Bifurcation Ratios (Rb) between ist/2nd order Rbl is 3.87 
and between 2nd/3rd order Rb2 is 8. The Stream Length Ratio R2 for 2nd/lst 
orders is 0.45 and R3 for 3rd/2nd orders is 0.39. The values of Drainage 
Density (D) is 0.667 and that of Stream Frequency (f) is 0.1154. The Basin 
Elongation (E) is 0.538, Basin Circulatity (Re) is 0.44. The value of 
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Infiltration Number (INF) is 0.102, Form Factor (F) is 0.22 and Overland 
Flow (Lg) is 0.749. 
k. Gambhir Micro-watershed (Y10) 
The Gambhir Micro-watershed (Y10) covers an area of about 534.37 Km2 in 
the southern and south-western parts of Bharatpur district. The Basin 
Perimeter (P) is about 141.25 km and Maximum Basin Length (Lb) is 42 Km. 
The Total Number of Streams (Nu) of various orders is 83, out of which the 
number of 1st order streams is 63, the number of 2nd order is 16, the number 
of 3rd order is 3 and 4th order is 1. The Total Stream Length (Lu) of all orders 
is 289.50 Km, the Length of 1st order stream is 181.0 km, of 2nd order is 
70.75 km., Length of 3rd order is 19.75 km and that of 4th order is 18.0 km. 
The Bifurcation Ratio (Rb) of lst/2nd orders Rbl is 3.93, that of 2nd/3rd orders 
Rb2 is 5.33 and between 3rd I A* orders Rb3 is 3.0. The values of Stream 
Length Ratio for 2nd/lst orders R2 is 0.93, for 3rd/2nd orders R3 is 0.27 and for 
4th/3rd orders R4 is 0.43. The value for Drainage Density (D) is 0.541 where 
as for Stream Frequency (f) is 0.155. The Basin Elongation (E) is 0.621 and 
Basin Circularity Ratio (Re) is 0.336. The value of Form Factor (F) is 0.302, 
Infiltration Number (INF) is 0.084 and Overland Flow (Lg) is 0.923. 
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1. Kakund Micro-watershed (Yl 1) 
The area covered by Kakund Micro-watershed (Yl 1) is 84.37 km in the 
southern part of the district on Vindhyan Plateau. The Perimeter (P) of the 
basin is 48.5 km and Maximum Basin Length (Lb) is 18 km. The Total 
Number of Streams (Nu) of various orders is 27, out of which the number of 
1st order streams is 20, the number of 2nd order streams is 6 and 3rd order 
stream is 1. The Total Stream Length (Lu) of all orders is 85.75 km. The 
Length of 1st order stream is 52.0 km, 2nd order is 26.5 km, and 3rd order is 
7.25 km. The Bifurcation Ratios (Rb) of ls,/2nd orders Rbl is 3.33, that of 
2nd/3rd orders Rb2 is 6.0. The value of Stream Length Ratio for 2nd/lst order 
R2 is 0.5, for 3rd/2nd order R3 is 0.27. The value for Drainage Density (D) is 
1.016, where as Stream Frequency (f) is 0.32. The Basin Elongation Ratio (E) 
of the basin is 0.576 and Basin Circularity Ratio (Re) is 0.45. The values of 
Form Factor (F) is 0.26, Infiltration Number (INF) is 0.325 and Overland 
Flow (Lg) is 0.491. 
m. Kaman Micro-watershed (Y12) 
The Kaman Micro-watershed (Y12) covers an area of about796.87 km2 in the 
northern part of the Bharatpur district. The Kaman Micro-watershed 
discharges its runoff in Mathura district, whence from it is carried through 
Govardhan Drain into the Yamuna river near Churmura Ghat. The Basin 
Perimeter (P) is about 110.25 Km and Maximum Basin Length (Lb) is 46.25 
km. The Total Number of Streams (Nu) of various orders is 33 out of which 
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the number of 1st order streams is 25, the number of 2n order is 5, the number 
of 3rd order is 3 and 4th order is 1. The Total Stream Length (Lu) of all 
orders is 214.25 Km, the Length of 1st order streams is 102.5 km, 2nd order is 
30.5 km, 3rd order is 41.25 km and 4th order is 40.0. km. The Bifurcation 
Ratio (Rb) of \*I2** orders Rbl is 5, that of 2nd/3rd orders Rb2 is 2.5 and 
between 3^/4* orders Rb3 is 2.0. The values of Stream Length Ratio for 
2n7P' orders R2 is 0.2, for 3rd/2nd orders R3 is 0.4 and for 4th/3rd orders R4 is 
0.5. The value for Drainage Density (D) is 0.269 and Stream Frequency (f) is 
0.041. The Basin Elongation Ratio (E) of the basin is 0.689 and Basin 
Circularity Ratio (Re) is 0.823. The value of Form Factor (F) is 0.372, 
Infiltration Number (INF) is 0.011 and Overland Flow (Lg) is 1.859. 
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Tabic - 14 Image characteristics of various gcomorphic features 
Geomorphic Zones Image Characters Lithology/Stratigraphic Unit 
Aeolian Deposits Uneven Texture,irregular shape and outline spatialK > 85 % Sand 
associated with Aligarh Older Alluvial Plain. 
Vindhvan Plateau & Bavana hills 
Recent Flood Dark tone, irregular shape, sharp geomorphic 
Plain of Yamuna contacts development of Ox bow lake, cut off 
River meanders, channel bars and point bars 
Sand Silt with admixture 
of clay and mud; medium to 
fine micaceous sand 
- Recent Alluvium Group 
Older Flood Plain of Yamuna Basin 
Recent Flood Dark tone, irregular shape, development of Ox 
Plains of Yamuna Bow, Cut off meanders, pomt bars & channel bars 
Sand Silt with admixture of 
clay and mud, medium to 
fine micaceous sand 
- Recent Alluvium Group 
Terrace Zones Medium to Dark tone, linearly stretch belt sharp 
contact with Recent Flood Plain and Varanasi 
Older Alluvial Plain, contmous & prominent 
development of scars which separate it from 
Varanasi Older Alluvial Plain 
Silt and Clay with admixture 
of Sand and Silt, light 
Colored mud. clay, silt and 
sand 
- Newer Alluvium Group 
Aligarh Older Bright tone.irregular boundary outline, sharp 
Alluvial Plain contact with Terrace Zones and Varanasi Older 
Alluvial Plain development of paleo-channels and 
scars, saline/alkaline soil association is 
characteristic of Aligarh Older Alluival Plain 
Fine to very fine gray to 
yellowish brown clay with 
admixture of sand and silt 
- Aligarh Older Alluvial 
Formation 
- Older Alluvium Gronn 
Scars Uniform tone, arcuate shape, isolated occurence, 
depressed relief, loss of hydraulic continuity w ith 
parent channel 
Fine to very fine gray to 
yellowish brown clay with 
admixture of sand and silt 
Aligarh Older Alluvial 
Formation 
- Older Alluvium Group 
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Paleo-Channels Medium to dark tone, curvilinear pattern. Uniform 
texture 
Varanasi Older Light to medium tone.irregular boundan outline. 
Alluvial Plain agricultural activity dominant, occurs as oldest 
unit forming higher level uplands with outliers 
of Aligarh Older Alluvial Plain 
Buried Pediment Light to medium tone, sharp contact with adjacent 
geomorphic zones, irregular boundan outline, low 
drainage density and partly internal drainage 
Vindhyan Plateau Dark tone, linear pattern, structurally controlled 
drainage, low to medium drainage density, high 
resistance to erosion 
Structural Hills and Valleys of Delhi Supergroup 
Admixture of Sand and silt 
Aligarh Older Alluvial 
Formation 
- Older Alluvium Group 
Medium to fine grain. 
yellowish brown sand with 
intercalations of silt and clay 
Varanasi Older Alluvial 
Formation 
- Older Alluvium Group 
Erosional Valleys Centripetal drainagc.restncted agricultural practice 
rib & furrow topography, low to moderate resistance 
to erosion - Delhi Supergroup 
Hogback ridges Tonal banding, linear forms, vegetation cover scanty 
parallel drainage & resistance to erosion is high. 
svTnmetncal profile 
Cuesta Zones Bright tone, linear pattern, scattered hill & ridges 
devoid of vegetal cover, striking NE-SW.sharp 
contact & topographical level.occur as oldest 
geomorphic unit 
- Delhi Supergroup 
Medium to fine grained 
quartzite with quartz and 
feldspar 
- Alwar Group & Ajabgarh 
Group 
TABLE - 13 Morphomctric analysis of the different micro-watersheds in the study area in parts of Yamuna basin 
Order 
Nu 
Rb 
SL 
MI. 
SI.R 
Area 
DD 
SF 
Sengar 
I II 
24 2 
12 2 
143 7 P 50 
5 9 8 H 75 
0 0 1 46 
909.00 
0.250 
0.029 
III 
1 
-
6 6 5 
66 5 
7 60 
Aligarh 
I II I 
8 1 5 
8 - 2.5 
32 5 68 62 
•1o6 68 12 
Somna 
II 
2 
2 
75 2325 
55 11 62 
(I!) 16 39 0 0 0 92 
487.00 
0.205 
0.018 
63400 
0.190 
0012 
III 
1 
• 
35 25 
35 25 
3 03 
Karwan 
I 
13 
6.5 
II 
2 
2 
65 50 1 9 75 
5 01 
0 0 
I 9 8-
1 96 
548.00 
0.290 
0.031 
III 
1 
-
59 50 
59 50 
6 02 
Janion 
I II 
6 2 
3 -
51 25 23 25 
8 5.1 I | 62 
0 0 0 92 
320.00 
0.240 
0.021 
Patwaha 
I II III 
6 2 1 
3 2 -
Z1 25 17 9 7 5 
Dehar 
I II 
2 2 
1 -
21 25 20 75 
•1 M 8 55 9 - 5 1062 20 -5 
0 0 1 8- 1 14 
227 00 
0.237 
0039 
0 0 1 46 
909.00 
0.250 
0.029 
Yamuna Banganga 
I II III IV I II III 
78 20 3 1 31 8 1 
3.9 6 6 3 - 3.87 8 -
220 94 61 45 66 106 2 49 18 : 
2 8 2 r 20 33 4 5 6 6 3 4 2 6 1218 
Gambhir Kakund 
I II III IV I II III 
63 16 3 1 20 6 1 
3 93 5.33 3 - 3 33 6 -
\5 181 70 75 1 9 - 5 18 0 52 26 5 - 2 5 
-5 2 8 - 4 42 6 581 18 0 2 6 0 4 41 " 25 
0 0 1 66 4 32 2 24 0 0 0 45 0 39 0 0 0 93 0 27 (143 0 0 0 50 0 2-
1050.00 259.37 
0400 0.667 
0.090 0.1154 
534.37 8437 
0.541 1.016 
0155 0.32 
Kaman 
I 
25 
5 
i 102 
4 1 
oo 
II III IV 
5 2 1 
2.5 2 -
5 30 5 41 25 40 
6 1 0 62 40 
0 2 0 4 0 5 
796.87 
0.269 
0.041 
where Nu is stream Number, Rb id Bifurcation Ratio, SI is the stream length in kilometers; ML is mean stream length in kilometers; SLR is stream length ratio; 
DD is drainage density; SF is stream frequency. 
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CHAPTER - IV 
Geology 
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GEOLOGY 
General Statement 
The geology of Bharatpur district has been studied in detail (Heron 1917, 
1922; Fermor,1930; Pascoe,1965; Iqbaluddin et al.,1978; Parsad,1984; 
Singh,1982,1985,1991. Geological information of Aligarh and Mathura 
districts is rudimentary, Bajpai and Gokhale (1986); Khan & Joshi (1985); 
Khan et.al. (1987); Anon (1993) and Iqbaluddin (1996b) provided brief 
account of geology, but no published geological map is available for Aligarh 
and Mathura districts. The geological map of Bharatpur district has been 
published by Geological Survey of India (Anon, 1978). 
The study area presents highly diverse rock types ranging from Precambrian 
metasediments to recent alluvial cover. The part of study area in Bharatpur 
district is technically, structurally and lithologically very complex and had 
attracted many workers (Heron, 1917,1922; Fermor,1930; Pascoe,1965; 
Iqbaluddin et al.,1978; Parsad,1984; Singh,1982,1985,1991). It comprises 
rocks of Delhi Supergroup, Vindhyan Supergroup and Recent Quaternary 
sediments. The Vindhyan rocks are exposed in the eastern part of the 
Bharatpur district. The Great Boundary fault strikes NE-SW and passes 
through Bayana and Rupbas tahsils. The Delhi rocks are wide spread in the 
Bharatpur district and the best exposures are found near Bayana town in the 
Bayana basin. Bayana basin extends as an isolated sequence of outcrops from 
Bayana in the southeast to Nithar in the northwest over a strike length of 
about 31 kms. The rock belonging to the Delhi Supergroup are also exposed 
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in the northern part of the district in Kaman, Parahi and Deeg tahsils. The 
Aligarh, Mathura and central part of Bharatpur district presents almost a 
uniform alluvial plain. The depth to bed rock has been reported at >30 m in 
Bharatpur (Aggarwal, 1982), and 340 meters at Aligarh (Anon, 1977). 
The stratigraphic sequence of the study area in Bharatpur district was 
established by Heron (1917). He used the term "Purana Group" and "Delhi 
System" and described the Bayana Basin under Alwar Series and divided it 
into five distinct stages namely, Nithar stage, Badalgarh stage, Bayana stage, 
Damdama stage and Weir stage, in descending order of antiquity. Pascoe 
(1965) adopted the classification proposed by Heron (1917). Singh (1982; 
1985; 1991) carried out detailed mapping in the Bayana Basin and proposed a 
new stratigraphic succession. According to him basement rocks comprise Pre-
Delhi metasediments and metabasites and are overlain by Railo Group, the 
oldest lithologic unit of Delhis in the area is the Railo Group, it is overlain by 
AJwar Group and the Ajabgarh Group, which are separated by 
unconformities, in Bharatpur district. 
The rocks belonging to Vindhyan Supergroup have also been reported from 
Bharatpur district in the south-eastern part. The exposures correspond to the 
Rewa and Bhander groups represented by Lower Rewa Sandstone, 
Gannurgarh Shales and Upper Bhander Sandstone. The Delhi Supergroup and 
Vindhyan Supergroup in Bharatpur district are separated by Great Boundary 
Fault striking NE-SW. The rocks of Delhi Supergroup lie to the northwest of 
the fault and those of Vindhyan Supergroup to southeast of it. 
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The deposition of terrigenous elastics in the negative tectonic topography 
during the Quaternary period is represented by the Older Alluvium Group, 
Newer Alluvium Group and Recent Alluvium Group. The elastics were 
supplied from the newly risen mountains of Himalayas in the north and 
Vindhyan Plateau in the south. 
Table - 15 presents the generalized stratigraphic succession of the study area 
and Table - 16 presents the lithostratigraphic sequence of the Bayana Basin. 
For purpose of Land System Studies the stratigraphy is presented under two 
subheads, namely basement rocks and Quaternary Cover sediments. 
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Table -15 Stratigraphic sequence of the study area covering Aligarh, Mathura 
and Bharatpur districts 
Super Group Group Formation 
Quaternary Recent Alluvium Group -Banganga Recent Alluvium Formation 
-Bharatpur Loam Deposit 
-Yamuna Recent Alluvial Formation (YRA) 
Newer Allmium Group -Yamuna Terrace Allmial Formation (YTA) 
Vindhyan Super Group Bhander Group 
Delhi Super Group 
Older Alluvium Group -Aligarh Older Allmial Formation (AOA) 
-Varanasi Older Allmial Formation (AOA) 
UNCONFORMITY 
- Upper Bhander Sandstone 
- Gannurgarh Shales 
Rewa Group 
Ajabgarh Group 
Ahvar Group 
Railo Group 
- Lower Rewa Sandstone 
UNCONFORMITY 
- Arauli Formation 
- Bhakrol Formation 
- Weir Formation 
- Kushalgarh Formation 
DISCONFORMITY 
- Damdama Formation 
- Bayana Formation 
- Badalgarh Formation 
- Jogipura Formation 
UNCONFORMITY' 
- Jahaz-Govindpura Volcanics 
- Nithar Formation 
UNCONFORMITY 
Pre Delhi 
Basement Rocks 
99 
Pre-Delhi Rocks 
The basement rocks corresponding to Pre-Delhi's are exposed all along the 
southern margin of the Bayana basin over which Delhi rocks lie 
unconformably (Singh, 1982). The Pre-Delhi rock include schists, phyllites, 
minor quartzite's and highly altered basic rocks (probably volcanics) which 
have been cut by basic dyke e.g. near Madpur (Singh,1982). The 
metasediments which have been described as Pre-Delhi by Singh (1982) 
possibly represents the Delhi metamorphics (?) older than Bayana sequence. 
Basement rocks are exposed in the areas, north of Bareja, south of Mangrain, 
south of Tharhi Bat, north of Ballabgarh, near Gharri, Nithar and Aund. 
Delhi Supergroup 
The metasedimentary sequence referable to the middle Proterozoic, resting 
over the Pre-Aravallis in the northeastern Rajasthan has been referred to as 
Delhi Supergroup. The rocks of the Delhi Supergroup have been divided into 
Railo, Alwar and Ajabgarh Groups in the Bharatpur district of Rajasthan 
(Singh,1977,1982a,1982b). 
The quartzite interbedded with phyllite and schists have been mapped as 
Ajabgarh Group which are exposed in the Lalsot hills and continues 
northwards as isolated hills around Kaman and Pahari areas of Bharatpur 
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district. These represent the northern most extension of Delhi Supergroup, the 
distal exposures are seen around Barasana-Nandgaon in Mathura district and 
around Dungrawan in Gurgaon district of Haryana, which continues 
northwards into the Union Territory of Delhi. 
The volcano-sedimentary sequence exposed in the Bayana basin which has 
been correlated with the Railo and the Alwar groups by Singh (1982,1988) 
deserve younger stratigraphic status than Ajabgarh Group. However the 
stratigraphic nomenclature adopted by GSI (Anon, 1978) for the rocks of the 
Mathura quadrangle (54 E) have been retained in the present write-up. 
Lalsot Basin 
The Lalsot basin extended from Lalsot in the south to Barsana-Nandgaon and 
Pahari in the north-east. The rocks of the Lalsot basin represent Ajabgarh 
sedimentation of the Delhi Supergroup. The beginning of the Ajabgarh was 
characterized by regional down warping and eliminating interbasin barriers as 
a result of which vast basin developed which extended upto Bharatpur in the 
east and Barsana-Goverdhan and Pahari in the north-east, it continued 
northwards through Haryana into the State of Delhi. This basin received 
sediments in multi-lagoonal tidal flats. In the Lalsot basin the rocks referable 
to Pratapgarh Formation of Alwar Group and Bharkol Formation of Ajabgarh 
Group are exposed in Lalsot hills, around Kaman and west of Pahari. Isolated 
outcrops are seen west of Sewar in Bharatpur District. 
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Alwar Group 
An assemblage of quartzite, arkose, schists and conglomerate metamorphosed 
to green schist facies, resting over Railo Group in the type area was assigned 
to Alwar Group by Sant et al., (1980). The Alwar Group of rocks based on 
lithological inhomogeniety between lower coarse elastics and upper 
orthoquartzite sequence and the middle argillaceous metasediments in the 
type area was divided into Rajgarh, Kakarawali and Partabgarh formations by 
Sant etal., (1980). 
In Bharatpur a domal outcrop of feldspathic sandstone and orthoquartzite 
exposed between Kaman and Pahari has been assigned Partapgarh Formation 
of Alwar Group (Anon, 1978). The rocks of Partapgarh Formation are 
developed into northwesterly elongated dome. The outcrop is smooth, 
rounded extending over a length of about 10 km, from west of Kaman 
towards Pahari. The beds are having moderate to steep dips in a doubly 
plunging anticline, which is plunging 45° towards south-east and 40° towards 
north-west. The quartzite is dark gray, medium to coarse grained, moderately 
sorted, comprising quartz, feldspar and magnetite grains, which are cemented 
by siliceous and carbonaceous cement. 
In thin sections the rock shows well rounded to very well rounded grains of 
quartz, which are inequigranular and are cemented with carbonaceous 
cement, the presence of chert in thin sections is reported in significant 
amount. The quartz grain show symmetrical extinction in cross section. The 
other minor constituents include feldspars, micas, opaque and tourmaline. 
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Intercalated with the feldspathic sandstone are orthoquartzite and dark green 
bands. The rock which is dark in color comprise quartz, feldspars, micas and 
iron oxide which are floating in a salt and pepper matrix of sericite and 
quartz. The sericite flakes appear to be alternating along two well defined 
cleavage sets of feldspar. The dark green rock occur as 1 - 2 meter thick 
bands intercalated with feldspathic sandstone. 
In the Bayana basin Singh (1982b) has considered the Nithar Formation and 
Jahaz-Govindpura volcanics as representative of Railo Group and the 
overlying rocks of Damdama, Budgaon, Jogipura formations as representative 
of the Alwar Group in the Bharatpur District of Rajasthan. However in the 
present write-up, the rocks of the Bayana basin are considered younger in 
stratigraphy to the Railo, Alwar and Ajabgarh Groups and hence they have 
been delt with as separate unit under Bayana Basin. 
Ajabgarh Group 
The dominantly argillaceous sequence with the subordinate calcareous and 
arenaceous silici-clastics developed around Ajabgarh in the Alwar district and 
regionally metamorphosed to green schist facies was mapped as Ajabgarh 
Series (Heron, 1935). Following norms of stratigraphic classification (Anon, 
1971) the Ajabgarh Series was redesignated as Ajabgarh Group (Sant et al., 
1980). The Ajabgarh Group has been divided into Kushalgarh Formation, 
Thana Ghazi Formation, Ajabgarh Formation, Arauli Formation and Bharkol 
Formation by Sant et al.(1980) in the type area of Alwar district. 
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In the Lalsot hills and further north in Kaman and Pahari areas of the 
Bharatpur district, the quartzite interbedded with phyllite and schist have been 
assigned to Bharkol Formation of Ajabgarh Group. The deposition of Alwar 
Group which took place in isolated basins was followed by Ajabgarh 
sedimentation which was herald by wide spread downwarping resulting in 
submergence of interbasinal barriers of Alwar times and the unified single 
basin developed (Singh, 1988), which was possibly transgressive and resulted 
in the deposition of a thick sequence of argillites interbedded with arenites 
and minor carbonates. The sedimentation took place in multilagoonal tidal 
flats which was at places interrupted by sub-aqueous/ sub-aerial volcanism 
(Heron,1917;Singh,1988). 
In the Bharatpur district the quartzites interbedded with phyllites have been 
mapped as Bharkol Formation, isolated outcrops have been reported from 
west of Bharatpur at Sindholi, further north the outcrops are seen around 
Kaman and Pahari. The most interesting and instructive outcrop of Ajabgarh 
Group is seen north of Aund which extends as narrow ridge connecting the 
Bayana sub-basin with Lalsot Hills. The stratigraphic position of the ridge 
which extends from Morra in Sawai Madhopur district to Aund in Bharatpur 
district has been a subject of debate. Hacket (1881) referred it to the Weir 
stage of the Bayana Basin and Heron (1917) was inclined to consider it part 
of Nithar stage, Singh (1988) assigned these rocks to Ajabgarh Group which 
extended from Aund to Morra as a steeply dipping ridge punctuated at places 
by gaps which possibly represent wrench fault tectonics. West of Morra these 
rocks form gently dipping plateau overlooking the rocks of Lalsot hills. 
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On examination of rocks of the Bayana sub-basin and Ajabgarh Group of 
Lalsot hills it was found that there is no similarity of the Morra ridge with the 
volcano-sedimentary assemblage of the Bayana sub-basin. The dark gray and 
purple quartzite with argillaceous band of the Morra ridge are lithologically 
and structurally different from the pale colored and purely siliceous Weir 
quartzite and with Nithar quartzite with which they exliibit discordance of 
dips. The rocks of Nithar and Weir formations are characterized by moderate 
dips of 30° to 40° towards NNE to North, whereas the Ajabgarh quartzite of 
Morra ridge which continues upto Aund (with local gaps caused by wrench 
faults) is having a general NE-SW trends dipping sub-vertically to steeply 
towards NW. Local overturning due to wrench fault tectonics has been 
recorded in the Morra ridge quartzite. 
Along the base of Ajabgarh quartzite in the area a pre-Delhi unconformity is 
concealed, which is locally exposed at places between Morra and Aund. At 
Khondra the schists and phyllite dipping 50° towards ESE possibly represents 
the pre-Delhi rocks which were earlier referred to as Aravalli System (Heron, 
1917) and pre-Delhi (SinghJ 988). It appears logical to refer the pre-Delhi 
rocks to the Bhilwara Supergroup of Rajasthan. The exposures are so few and 
so much discontinuous that it is not possible at this stage of our work to 
suggest group or formational status for these pre-Delhi rocks within the 
Bhilwara Supergroup. From my earlier experience with the Aravalli rocks of 
Rajasthan, I am convinced that metasedimentary sequence at Kondra is not 
Aravalli. 
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The unconformity between the Pre-Delhi and the Ajabgarh Group between 
Morra and Aund is defined by paleosols which are developed as pure 
hardened pipe clay slightly mottled pale purple and pink. West of Morra the 
Ajabgarh rocks are folded into anticlines and synclines, north of Kamalpur 
near Dhawain the paleosols have developed into talcose bands which provide 
steatite deposit of Morra and Dhawain. Thus, it will be seen that the paleosols 
which are present as clay at Kondra have been metamorphosed as talcose 
schist at the base of the Ajabgarh quartzite. These paleosols define the 
unconformity between the Ajabgarh and the Pre-Delhi. From the nature of the 
unconformity it can be seen that the Delhi sediments were deposited over the 
peneplained basement in the Bharatpur district, whereas the rocks of Bayana 
basin were deposited in a technically active and geomorphologically 
inhomogenous environments. It is therefore considered desirable in the 
present write-up to separate the rocks of the Bayana basin from the older 
sequence of the Ajabgarh Group of Lalsot hills and their northern extension in 
Pahari and Kaman in Bharatpur district and at Barsana in Mathura district. 
Bharkol Formation 
The quartzite's of the Lalsot hills continued north-eastward through 
Govindgarh to Pahari and between east of Nagar to Barsana and Goverdhan 
in Mathura district, whence from northwards the rocks of Delhi Supergroup 
pass under the cover of the Indo-Gangetic alluvium. These quartzites have 
been mapped under Bharkol Formation of Ajabgarh Group (Anon, 1978). The 
quartzite occur as NE-SW trending ridges around Kaman and the ranges west 
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of Pahari. The quartzite is dark gray to light gray in color, thinly bedded with 
intercalation's of phyllite and graphitic mica schist. The quartzite is medium 
to coarse grained comprising dominantly of quartz; micas and magnetite 
occur as minor accessories. The quartz grains are equant in thin sections, the 
grains are devoid of any preferred orientation. The grain contacts are sutured 
which at many places have undergone pressure solution resulting in 
development of straight elongated contacts characterized by triple point 
junctions. A characteristic feature of this triple point contacts is development 
of seams along the contacts of the material which has escaped solution action. 
The removal of material is clearly brought out by seams of silica and 
insoluble residues which occur with optical discontinuity with the adjacent 
grains of quartz. The general paucity of undulose extinction in the quartz 
grains point that lithostatic stresses were dominant during the recrystallization 
history of the Bharkol Formation in Kaman area. 
Intercalated with the quartzite, a meter and less thick partings of 
carbonaceous phyllite, phyllite and graphite mica schist are seen in the area 
around Kaman-Pahari road (Fig. 5). The schist has three prominent set of 
planar tectonic anisotropy. The bedding is defined by Q and M bands. The 
foliation is defined by preferred orientation of the micaceous minerals, sericite 
and graphite and elongation of quartz grains. This foliation is the regional 
foliation and is sub-parallel to stratification. Besides, a crenulation foliation is 
developed in which the earlier formed foliation has been puckered and the 
crenulation cleavage has developed at high angle to the Si planes in rock. It is 
defined by rotation of quartz grains and development of incipient planar 
tectonic anisotropy which is cutting across So and M and Q domains (Si), this 
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later foliation in thin section is present as S2 planes. The development of 
snow ball structure in garnet is also seen in thin sections which indicate its 
syntectonic nature. 
Bayana Basin 
Bayana basin extends as an isolated sequence of outcrops from Bayana in the 
southeast to Nithar in the northwest over a strike length of about 31 Km. It 
represents a volcano-sedimentary assemblage which is separated from Delhis 
by a narrow gap of about 2 km alluvial cover in the northwest and from the 
Vindhyans by the Great Boundary Fault in the southeast. Structurally the 
Bayana rocks are different from the Delhi's and follow a general NW-SE 
strike in contrast to the north easterly trends of Delhis. The dip of Bayana 
sedimentary sequence is low to moderate, the average dip being 20° in 
contrast to the moderate to steep dips of Delhi metasediments as seen in 
Lalsot hills. The Bayana rocks differ from the adjacent Vindhyans which are 
sub-honzontally to gently dipping. 
The Bayana basin is lithologicaPy, structurally and morphotectonically 
different from the Vindhyans in the south and Delhis in the west, possibly it is 
a younger rifted basin than the Delhis. The importance of Bayana basin lies in 
its volcano-sedimentary assemblage which may provide an opportunity to 
understand the crustal evolution of the Gondwanic Crust during the waning 
phase of the Proterozoic. The gray areas of the Bayana basin are its 
geochemistary and geochronology. 
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The igneous episodes that took place in the Vindhyan basin have been 
recorded from Jungel (Son Valley, U.P.), Majhgawan (MP.) and Khairmalia 
volcanics (Rajasthan). It is likely that the volcano-sedimentary sequence of 
Bayana might represent an extended phase of the igneous episodes of the 
Vindhyan basin in Bharatpur district, Rajasthan (?). 
The three major paleo-volcanic centers represented by Jungel volcanics in the 
Son Valley, Khairmalia volcanics in Chittorgarh and Bayana volcanics in 
Bharatpur, Rajasthan show peribasinal association with Vindhyan rocks. The 
structural trends of the rocks of Delhi and Vindhyan Supergroups represent 
NE-SW trend but the rocks of Bayana basin show a NW-SE trend. 
Heron's regional mapping of the Vindhyan basin was constrained by the 
concept that the Great Boundary Fault was the limit of Vindhyan 
sedimentation. Any rock to the north of the Great Boundary Fault was not 
included in the Vindhyans and in the regional context was assigned a pre-
Vindhyan in the stratigraphy of Rajasthan. Revised mapping of Vindhyans in 
Rajasthan by Geological Survey of India in 1963-64 indicated the presence of 
Vindhyan rocks to the north of Great Boundary Fault in Chittorgarh district, it 
was suggested that the Great Boundary Fault was not the limit of deposition 
(Iqbaluddin,1964). Later Balmiki Prasad and others substantiated that 
Vindhyan sedimentation extends to the north of Great Boundary Fault (see 
Iqbaluddin et. al.,1978; Prasad,1984). If the Bayana rocks are seen in the 
context that Vindhyan sedimentation extended north of the Great Boundary 
Fault, perhaps flexibility in modeling the volcano-sedimentary assemblage of 
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the Bayana basin will be available and their lithological, metamorphic and 
tectonic inhomogeniety with Delhi Supergroup can be understood. 
The rocks of Bayana basin were deposited in a rifted basin whose boundaries 
were defined by the Great Boundary Fault in the southeast and Barsana 
lineament in the northwest. The volcano-sedimentary assemblage of the 
Bayana basin was initially conceived to be restricted from Bayana in the east 
and Nithar and Aund in the west. In the present write-up the carbonaceous 
shale which are gently to sub-horizontally dipping and have been folded along 
NW-SE trending axis, mapped as Arauli Formation in the area south-west of 
Kunher and west of Deeg (Anon, 1978) have been included in the Bayana 
basin. The lithostratigraphic nomenclature proposed by Singh (1982) has been 
followed in the present write-up and the nomenclature proposed by Anon 
(1978) for the sediments of Kumher and Deeg has been adopted and Arauli 
Formation has been given the youngest stratigraphic position in the rocks of 
Bayana Basin. It is proposed that the rocks of Bayana basin be included as 
Bayana Group which has been tentatively accommodated as a youngest 
Group in the Delhi Supergroup of Rajasthan to facilitate description of 
lithotypes. 
Bayana Group 
The volcano-sedimentary assemblage deposited in the rifted basin bounded 
by Great Boundary Fault in the southeast and Barsana lineament in the 
northwest has been assigned to as Bayana Group. The sequence which was 
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mapped as Delhi Supergroup in the Bayana basin extending from Bayana to 
Aund and Arauli Fonnation in the Kumher and Deeg areas of Bharatpur have 
been included in the Bayana Group. The Bayana Group comprise in 
ascending order of antiquity : 
Arauli Formation , 
Weir Formation , 
Damdama Formation, 
Bayana Formation, 
Badalgarh Formation, Bayana Group 
Jogipura Fonnation, 
Jahaz-Govindpura Formation, 
Nithar Fonnation . 
Nithar Formation 
The basal sequence of the Bayana Group has been designated as Nithar 
Formation following Singh (1985). The Nithar Fonnation comprise 
conglomerate and quartzite. The rocks of Nithar Fonnation are exposed as 
isolated hills from Kliankhera to katariapura and Aund, from the south of 
Nagla Gothia to Ghatri and around Rewalpura and Khareri in the Bayana 
tahsil of Bharatpur district. The maximum thickness of Nithar Formation is 
estimated to be around 200 m (Singh, 1985). The discordance of the Bayana 
Group with the underlying sequence of Ajabgarh Group is clearly brought out 
by the quartzite of the Nithar Formation at Aund, which exhibit structural 
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discordance with the pebbly quartzites of the Bharkol Formation of the 
Ajabgarh Group. 
The conglomerates of Nithar Formation are best developed at Nithar and 
Aund. The phenoclasts are rounded, comprise gray and white quartzite, range 
in size from 5 - 4 0 cms and show moderate sphericity. The phenoclasts are 
coarser in the west and finer in the east. The framework is disrupted and there 
is no preferred fabric in the elastics. The interspaces are filled with coarse 
sand and quartz gravel. The sorting is poor and conglomerate appear to have 
been deposited by sudden loss in the energy of the transporting currents. The 
bedding in the conglomerate is defined by alternation of conglomerate and 
quartzite bands and at places by grain size variation in the phenoclasts 
population. 
The basal conglomerate of the Nithar Formation is overlain by quartzite. The 
quartzite is gritty, at places pebbly and conglomeratic. Locally feldspathic 
bands are prominent within the quartzite sequence, It is white to gray in color, 
fine to coarse grained, moderately sorted to well sorted. The rounding of the 
clasts is highly variable from angular to sub-angular, some grains are sub-
rounded to well rounded, which suggest bimodal source for elastics. At 
Ghatri the most illustrative section of quartzite of Nithar Formation is 
exposed where it exhibit a thickness of 20 m. 
The quartzite comprises dominantly of quartz and minor amount of K-
feldspar, sericite and muscovite occur as accessory minerals. The quartzite 
show well developed bedding, the beds are characterized by internal 
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organization, exhibited as planar and trough cross bedding. Convolute 
bedding and ripple marks are common in the quartzite. 
Jahaz-Govindpura Formation 
The volcanosedimentary assemblage conformably overling the quartzite of 
Nithar Formation has been mapped as Jahaz-Govindpura Formation (Singh, 
1982). The volcanics and volcani-clastics occur as interstratified sequence in 
the Jahaz-Govindpura area of the Bayana basin which represent one of the 
most Illustrative section of continental rifting in the Bayana basin. The 
volcanics are divisible into three units (Banerjee and Singh, 1976,1977). The 
lower unit of Jahaz-Govindpura Volcanics is characterized by quite eruption, 
the middle member represent highly explosive phase and the upper member 
again represent a quite phase. The formation has attained considerable 
thickness in Govindpura-Hathori anticline. The rocks of the Jahaz-
Govindpura Volcanics Formation comprise basaltic flows, pyroclastics, flow 
breccia and inter beds of quartzite. The volcanics are intermittently seen from 
Nithar in the west, Govindpura, Jogipura, Khankhera and Rewalpura in the 
east. The most extensive and illustrative section of the volcanics is seen along 
the road from Ballabgarh to Hathori. Excellent development of the volcanic 
sequence is seen in the valley extending from Jahaz to Ghotia surrounded by 
the quartzite ridges which form a natural fortification for the volcanic 
outcrops around Jahaz. West of Hathori the volcanics are ubiquitously seen 
upto north of Gharri where the quartzites of the Weir Formation forms an 
enveloping boundary for Jahaz-Govindpura Volcanics. 
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A total of 18 flows from Jahaz-Govindpura volcanics have been reported 
(Singh, 1982; Banarjee and Singh, 1976,1977). Based on eruptive tectonics the 
Jahaz-Govindpura Volcanics have been separated into three units namely, 
lower, middle and upper. The lower unit is reported to have seven flows 
characterized by quite eruption, comprising basalts which are amygdolidal 
and vesicular, fine grained, dark gray to green in color, the basalt is 
intercalated with volcani-clastics which are ferrugenious at places. The 
middle unit is reported to have three to five flows with intercalation of 
agglomerate characterized with spatter pyroclastics, breccia, tuff which are 
bedded and silicified by chert. Intercalations of shale and quartzite are 
common in the middle unit. The agglomerate comprise bombs and lapillies of 
variable shape and sizes. Peals tear are seen beside bombs and blocks. The 
bombs are at places showing accretionary characteristics indicated by 
presence of concentric rings of tuffs around the bombs as seen in Hathon 
section. 
The upper most member indicate eruption in quite phase. Singh (1982) has 
reported eight flows comprising massive vesicular and amygdoloidal basalt. 
Flow breccia and tuff which are welded and silicified with intercalation of 
chert and quartzite are recorded f om the Jahaz area. The flows are both of 
"Pahoehoe" and "Aa" type. The Pahoehoe type are characterized by smooth 
rolling surfaces, showing exfoliation and spheroidal weathering, the Aa type 
occur associated with volcanic breccia exhibit rough surfaces and are 
generally associated with big irregular vesicles. The Aa type flows are 
common in Govindpura, Jogipura section and northeast of Jahaz. 
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The mineralogical constituents include plagioclase, pyroxene, hornblende, 
olivine and iron oxide. Epidote, chlorite, sericite, secondary cryptocrystalline 
quartz and calcite are present in the groundmass, devitrified glass is seen in 
chilled basalt and tuffs. Texturally, these rocks are microgranular, 
hypidiomorphic, intergranular, porphyritic and sub-ophitic to ophitic in 
nature. 
The volcanism seen in the Govindpura-Jogipura section in time sequence has 
been equated with the Jahaz-Hathori volcanism (Singh, 1982). It has 
eventually led to the erroneous interpretation for the stratigraphy; these are 
possibly representing two different episodes of volcanism. The Govindpura-
Jogipura paleo-volcanic center contributed volcanics at the top of the Nithar 
Formation and the Jahaz-Hathori paleo-volcanic center contributed volcanics 
above the Ballabgarh Formation. The stratigraphic assignment of the rocks by 
Singh (1982) above the volcanics to Jogipura Formation from Khagri to north 
of Hathori appears to be erroneous. However in the present image 
interpretation, the stratigraphy proposed in the geological map of the 
Geological Survey of India (Singh,1982) in respect of Bayana basin has been 
accepted for land system study. 
Jogipura Formation 
The sedimentary sequence comprising quartzite and conglomerate resting 
with an unconformity over the Jahaz-Govindpura volcanics has been assigned 
to Jogipura Formation (Singh,!982). The quartzite extending from south of 
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Bagrain to northeast of Govindpura resting over the volcanics in the 
Govindpura-Jogipura area and northwest of Nithar and the conglomerate 
horizon which overlie the volcanics in the area north of Hathori have been 
assigned as members of Jogipura Formation. The conglomerate horizon 
continues from Sita Kund towards southeast and shows facies change to 
quartzite which continues upto north of Khagreri as a continuos band trending 
northwest-southeast. East of Khagreri the continuity of the Jogipura 
Formation is punctuated by a fault. The rocks of Jogipura Formation have 
been mapped near Marpur and south of Alapuri in the Bayana syncline 
(Singh, 1982). Beyond the railway line the continuity of the outcrops is lost 
under the alluvial cover of Gambhir river in Bayana Tahsil. 
a. Quartzite 
The quartzite of the Jogipura Formation is at places arkosic and feldspathic 
with intercalation's of the micaceous sandstone. Locally ferrugenous staining 
has given pink color to the quartzite. It is well bedded, locally pebbly, the 
pebbles comprise white quartz, jasper, slates, tuff and basic lava. The size of 
phenoclasts vary from few mm to 15 cm, these are rounded. The framework 
of the quartzite comprise quartz, feldspar, mica and opaques. Feldspars are 
generally pink, the quartz grains are rounded to sub-angular and are set in a 
matrix of fine feldspar, sericite and muscovite. Feldspars are generally 
altered, blue tourmaline and minor zircon are accessory, beside grains of iron 
oxide and iron coating along grain boundaries are common. The 
intercalation's of conglomerates are seen within the quartzite. The bedding 
with internal organization is common, cross beds are well preserved, bedding 
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plane inhomogenieties such as ripple marks, shrinkage cracks and foam 
impressions are seen at some places in the quartzite of Jogipura Formation. 
b. Sita Conglomerate 
West of Sita Kund the Jogipura Formation is represented by conglomerate 
horizon which is persistent and rests over the volcanics north of Hathori. The 
conglomerate occurs above the pink quartzite of the Jogipura Formation. The 
pebbles of the conglomerate are well rounded, the phenoclasts comprise gray 
and pink quartzite with white quartz, jasper, basalt, tuff, slates. Near Maria 
insitu accumulation of mica schist derived from underlying Pre-Delhi rocks 
(Bhilwara Supergroup ?) have been reported by Singh (1982). The 
phenoclasts range in size from 2 cm to 10 cm, some of which are as large as 1 
m. The average size is around 10 cms. The phenoclasts are set in a coarse 
gravely matrix of quartz, the interspaces are filled with ferrugenous and 
siliceous cement. In stratigraphy the Sita Conglomerate and its eastern 
extension, developed as Jogipura quartzite, might represent a younger event 
in the sedimentary evolution of the Bayana basin than the Jogipura quartzite 
mapped south of Bagrain and around Madhopur and south of Alapuri. 
Badalgarh Formation 
A sequence of variegated arenites resting over the Jogipura Formation has 
been mapped as Badalgarh Formation. It comprise thinly bedded feldspathic 
quartzite, ferrugenous sandstone, arkose, pink quartzite and intercalation's of 
schist. The rocks of the Badalgarh Formation are divisible into two units 
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namely Bagrain Sandstone and Alapuri Quartzite. The lower Bagrain 
Sandstone is characterized by dominance of metastable and labile 
components in the clastic population. The upper, Alapuri Quartzite is 
characteristically orthoquartzite and conglomeratic in nature. 
a. Bagrain Sandstone 
The type area of Bagrain Sandstone is the section exposed in the Bagrain 
village. The arenites comprise tuffaceous, micaceous and feldspathic 
sandstone, arkose, feldspathic quartzite and shale. The Bagrain Sandstone is 
medium grain, well bedded, comprising of well rounded equant grains of 
quartz and sub-rounded grains of feldspar; jasper, muscovite, magnetite, etc. 
are common accessories; tourmaline in several varieties of blue, olive, lemon, 
yellow, brown, etc. are present. Quartz grains constitute about 50% of clastic 
population and are set in a fine grained matrix of sericite and quartz. Micro-
cross bedding is seen in the sandstone, ripple marks are rare, sparsely 
distributed shale discs have been reported from Bagrain Sandstone of the 
Badalgarh Formation by Singh (1982). 
b. Alapuri Quartzite 
Alapuri Quartzite overlies the Bagrain Sandstone, the contact between the 
two is conformable, and lithologically sharp. The Alapuri quartzite is coarse 
grain, gray in color comprising quartz; jasper and magnetite occur as common 
accessories. The quartzite is massive, bedding is generally well developed, 
ripple marked and cross bedded. Mineralogically, it is composed of 
inequigranular, perfectly rounded to sub-rounded grains of quartz and few 
rock fragments set in a matrix of quartz and fine flakes of sericite. The 
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phenoclasts of jasper, quartzite and chert are seen in some bands which occur 
as intercalation's. This unit shows sharp contact with the overlying Mortalab 
Quartzite in the western part and gradational contact in the eastern part. 
Bavana Formation 
The thick sequence of orthoquartzite overlain by alternating beds of 
petromictic conglomerate and quartz arenite resting conformably over the 
Alapuri quartzite of Badalgarh Formation have been included in the Bayana 
Formation of the Bayana Group. The lower quartzite unit has been given the 
status of a member as Mortalab Quartzite and the upper sequence of 
conglomerate alternating with quartz arenite has been designated as Mahloni 
Conglomerate (Singh, 1982). 
a. Mortalab Quartzite 
It is essentially an orthoquartzite sequence which is prominently developed in 
the Bayana syncline and attain a maximum thickness of about 450 meters in 
the hinge zone of the Bayana syncline. The quartzite extends more or less as a 
continuos sequence from Shergarh in the east to 5 Km southeast of Sita. 
Locally the continuity is punctuated by faults across the strike. The Mortalab 
Quartzite gradually pinches westwards, till its outcrops are lost 5 Km 
southeast of Sita under the cover of overlying Mahloni Conglomerate-
Quartzite sequence. The quartzite is pink in eastern part and changes from 
light pink to white towards the west. The quartzite is medium to fine grain, 
well sorted, well bedded, cherty looking. The grains are rounded to well 
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rounded, in textural composition it varies from sublithic arenite to quartz 
arenite. Mineralogically, quartz is the dominant mineral (monocrystalline and 
polycrystalline quartz) followed by chert, metasedimentary lithics and 
volcanic lithics in the framework. Muscovite, chlorite/biotite are distributed 
randomly as accessory within the quartzite. At places in the quartzite buff 
colored feldspar grains are also seen. Heavy minerals include tourmaline, 
opaques, rutile and zircon. The sorting is generally good, labile components 
constitute 5-10% of the rock. The weathered outcrops have rusty brown 
coatings generally associated with ferrugenous staining, on the bedding 
surface. The leached outcrops have brownish coating of dolomitic material 
(calc-tufa ?). The quartzite beds are relatively thin at the base and thicken 
upwards. Current bedding in the Mortalab Quartzite is seen only at places but 
generally the beds are devoid of any internal organization. The quartzite is 
highly jointed, the sub-horizontal joint sets are predominantly developed in 
the escarpment face overlooking Shergarh. The fractures are tensile, the sub-
horizontal fracturing is generally associated with slight crushing and 
brecciation along the fractured surface suggesting minor adjustments. The 
Mortalab Quartzite strikes N70°W - S70°E and dips 33° N20E. The fault zone 
trending N40°E -S40°W and dips 43° N50W is also reported near Shergarh 
suggesting brittle failure. 
b. Mahloni Conglomerate 
Mortalab Quartzite is overlain by Mahloni Conglomerate, which occupies 
significant area around Mahloni and comprise of interstratified sequence of 
fanglomerate and ortho-quartzite. The fanglomerate occurs as polymict 
conglomerate in which the framework is intact. The sorting is extremely poor, 
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the large phenoclasts as big as 1 m occur in association with gravel of size of 
the peanut. The phenoclasts are generally large, 80% of phenoclasts are larger 
than 15 cms and 40% of phenoclasts are larger than 30 cms. Dominantly the 
conglomerate has phenoclasts of ortho-quartzite which are well bedded and at 
places cross bedded. The phenoclasts are equant to oblate in shape, sub-
rounded to well rounded. Few pebbles of dark green color of volcanic origin 
are also seen in the matrix. The matrix comprises coarse sandy to grity 
admixture of quartz and feldspar. A few fragments of feldspar, chert and 
jasper have also been noticed in the phenoclasts population. The isotropy in 
the fabric of the phenoclasts is significant. The outcrop of the conglomerate 
from a distance exhibit spectacular color banding of dark gray conglomeratic 
bands and earthy brown quartzite bands. The Mahloni conglomerate strikes 
N60°E - S60°W and dip varies from 45° to 49° N30W. 
Lithologically quartz arenite of this member is very similar to Vindhyan 
sandstone (Bhandar Sandstone) seen at Fatehpur Sikri and adjacent areas 
south east of Bay ana. 
On the basis of distinct lithocharacters the Bayana Formation can easily be 
distinguished from upper and lower formations of Bayana Group. 
The intercalated quartzite in the Maloni conglomerate are pink coarse grain 
and pebbly and becomes grity in the upper stratigraphic levels. Locally 
feldspar becomes dominant and the arenite approximate an arkose. The 
conglomerate extends as a continuos horizon from Bayana in the east upto 1 
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Km east of Sitakund, whence from westwards the outcrop pinches out and is 
overlain by Kanawar quartzite of the Damdama Formation. 
The conglomerate sequence which is developed north of Bagrain and south of 
Ghotia, juxtaposed with the volcanics, has been assigned to Mahloni 
conglomerate by Singh (1982). 
Damdama Formation 
A sequence of conglomerate, orthoquartzite, feldspathic arenites with 
inetrcalatory shales has been mapped as Damdama Formation after the village 
Damdama. The lower unit is conglomerate, middle is quartz arenite and upper 
is feldspathic sandstone, which have been given status of Umraind 
conglomerate, Kanawar Quartzite and Lakhanpur sandstone by Singh (1982). 
a. Umraind Conglomerate 
The conglomerate horizon developed from west of Bayana to WSW of 
Kherora as a wedge shaped outcrop resting over the Mahloni conglomerate 
has been assigned as Umraind Conglomerate. The outcrop is seen from 
Bayana to Imlia Biskhori, whence from upto Mahloni, the continuity of 
outcrop is punctuated by faulting. North of Mahloni the outcrops are 
intermittently seen upto Umraind (whence from the name for the 
conglomerate member has been given) thereafter west of Umraind, the 
conglomerate horizon is fault bounded and continues as a wedge between the 
underlying Mahloni Conglomerate and overlying Kanawar Quartzite. 
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The separation of the Umraind Conglomerate from the underlying Mahloni 
Conglomerate of Bayana Formation to an uninitiated geologist will appear 
arbitrary. 
The Umraind Conglomerate is poorly sorted, at places bedding is defined by 
size variation of the phenoclasts which occur as pebble conglomerate, boulder 
conglomerate and cobble conglomerate beds in vertical section. The 
conglomerate predominantly has phenoclasts composed of quartzite and white 
vein quartz, besides, its framework constituents have basic rocks, jasper, 
shale, re-worked conglomerate, mica and tourmaline. The phenoclasts 
population points to pre-Delhi and Jahaz-Govindpura Volcanics as possible 
source rocks for Umraind Conglomerate. The matrix is variable in texture and 
composition from place to place. It is quartzofeldspathic sand and granules 
with admixture of micaceous constituents. The matrix is moderately rounded 
and sorted, beds exhibit internal organization as co-set, cross beds which 
suggest wave dominated environment. The thickness of the Umraind 
Conglomerate is maximum in the eastern part which progressively wedge out 
2 Km east of Sitakund. 
b. Kanawar Quartzite 
The quartzite sequence developed west of Kanawar, northwest of Bayana and 
as a more or less continuos band from Bhagora to 1.5 Km east of Sita has 
been mapped as Kanawar Quartzite. This unit is indistinguishable from the 
Mortalab Quartzite of the underlying Bayana Formation. Singh (1982) 
assigned it status of a member in the Damdama Formation because of its 
younger position in the stratigraphy of the Bayana sub-basin. It comprise sub-
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angular grains of quartz, which are coarse and are set in a matrix of quartz, 
sencite, muscovite and feldspar. Feldspars are generally sericitized, rounded 
and spherical clasts of tourmaline are common which occur in shade of blue, 
orange and yellow. The quartzite is separated by sandstone which Singh 
(1982) mapped as Lathanpur Sandstone on the basis of its quartzo-feldspathic 
nature, and separated from Kanawar Quartzite. The Kanawar Quartzite is 
well bedded, showing ripple marks and cross bedding, the thickness of the 
cross bedded unit vary from few centimeters to over 1 meter; at places it 
exhibits foresets and backset in the cross-bedded units. 
c. Lakhanpur Sandstone 
It represents the youngest member of the Damdama Formation. It comprise 
feldspathic sandstone, which has intercalation's of quartz arenite and brown 
shale. The sandstone being feldspathic is prone to easy weathering and 
erosion, as a result the outcrop density of Lakhanpur Sandstone is low, the 
member occurs as isolated outcrops between Baghora and 5 Km east of Sita. 
The sandstone is thinly bedded, the bedding is defined by alternating layers of 
feldspathic and micaceous bands. It is cross bedded and has ripple marks 
which are developed as bedding plane inhomogenities. The Lakhanpur 
Sandstone at places is overlain by shales and carbonaceous phyllites which 
have been locally mapped north of Sita and northwest of Khairora. These 
outcrops have been given status of Kushalgarh Formation by Singh (1982). 
However author is inclined to include them as part of Lakhanpur Sandstone 
which is reported to have inter bands of laminated brown shale near Khairora, 
(Singh, 1982). The Kushalgarh Formation of Ajabgarh Group reported by 
Singh (1982) has no validity in the stratigraphy of the Bayana Group. 
124 
Weir Formation 
The rocks of Damdama Formation are overlain by quartzite which is white, 
locally rusty brown due to ferrugenous staining. The quartzite is prominently 
developed south of Weir, whence from the formation derives its name. It 
forms sinuous ridge from Bhajuli in the east to east of Randhargarh. The 
continuity of the outcrop is punctuated by transverse faults which are 
geomorphologically expressed as wind gaps and saddles. 
The quartzite is medium to coarse grained, moderately well sorted to well 
sorted in nature, at places due to leaching the quartzite exhibit rough and 
spongy surface which has deceptive appearance of trace fossils. The quartzite 
exhibit bedding plane inhomogenities as ripple marks which are both 
asymmetrical and symmetrical. The ripple index varies from 3 to 5. The 
bedding is defined by color banding and grain size variation within the 
quartzite. Generally the quartzite is having internal organization exhibited as 
planar cross beds, locally it is massive, white and crystalline and can be used 
as glass sand. Its use as ornamental stone has remained unexplored, in some 
of the sections examined north of Hathori it shows excellent development and 
can provide material which may be useful as building stone. Its ability to take 
polish need to be explored. 
The Weir Formation apparently appears to be end of Bayana basin but in the 
present write-up the carbonaceous shale outcrops developed intermittently 
between Weir and Deeg have been considered part of the Bayana basin 
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whose limits are defined by Great Boundary Fault in the south and Barsana 
lineament in the north. 
Arauli Formation 
The rocks referred to as Arauli Formation (Anon, 1978) have been included as 
younger sequence of the Bayana Group. Earlier the carbonaceous phyllite, 
shales and slates exposed around Deeg, southwest of Kumher and west of 
Kathena were assigned to Arauli Formation of Ajabgarh Group. The inclusion 
of Arauli Formation in Bayana Group has been prompted by gentle to 
moderate dips with little deformation in contrast to the pervasive and 
penetrative north-easterly steeply dipping trends of the planar tectonic 
anisotropy characteristic of Ajabgarh Group of the Delhi Supergroup. The 
rocks of Arauli Formation in Bharatpur district are recorded from Hindupura, 
southwest of Kumher and Deeg. The carbonaceous phyllite occur as isolated 
hillocks, medium to dark gray in color, thinly bedded and exhibit fine parallel 
lamination. Southwest of Deeg town the Carbonaceous shales have interbeds 
of sandstone (Fig. 5). Sandstone is occurring as 1 meter and less thick 
intercalation's with several joint sets, cross bedding and convolute lamination 
are characteristically present within sandstone layer. 
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Vindhyan Supergroup 
The rocks of Vindhyan Basin represents the northwestern extension of the 
Karauli sequence in the district which has been studied in some detail (Heron, 
1917). The Vindhyans in Bharatpur district are represented by the Rewa and 
Bhander groups. 
Rewa Group 
The Rewa Group in Bharatpur district is represented by a sandstone which 
forms low strike ridges from Nagal upto Baretha lake whence from 
northwards the continuity of the outcrops has been punctuated by wrench 
fault. The outcrops of the Rewa sandstone extend through Jatrauli along a NE 
- SW strike upto right bank of Banganga river, whence from northeastwards 
the Vindhyans go under alluvial cover. The sandstone developed in the 
Bharatpur district as first bed of Vindhyan possibly represents the Upper 
Rewa Sandstone. It occurs as northeast-southwest trending strike ridge. The 
north western abutment of the Baretha lake represents the Rewa Sandstone 
which is rusty brown in color well bedded arkose. The quartz grains are 
medium to coarse grain, the feldspar is white to slightly pinkish which 
constitutes 10-20% of the rock. The arkose is cemented by ferrugenous 
cement. The development of the arkose possibly as the first bed of Vindhyan 
in Bharatpur district reflects a mixed metamorphic and igneous provenance, 
for the Vindhyan basement in Bharatpur. 
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In the sections the quartz grains are of two types namely, the metamorphic 
quartz which is represented by grains having sutured boundaries with the 
elastics, the other quartz is having clear grain boundaries with small 
inclusions. The feldspars are generally sericitised. A few grains exhibit faintly 
developed cross hatch twinning indicating the presence of microcline, within 
the feldspar population, plagioclase grains are significantly absent in the 
clasts of the Rewa sandstone. The cement is chert impregnated with hematite. 
Ferrugeneous coatings along grain boundary outline are characteristically 
present along the quartz grains. 
Bhander Group 
The Bhander Group is most conspicuously developed in the Rupbas Tahsil of 
Bharatpur district, forming the plateau along the southeastern boundary of the 
Bharatpur district. It occurs as natural fortification overlooking the plains of 
Ghambhir river. The Bhander Group is represented by Ganurgarh Shale and 
Upper Bhander Sandstone. The carbonate horizons associated with the 
Bhander Group have not been recorded from the area. Though the sub-
surface drilling carried out in the Banganga basin by Central Ground Water 
Board has reported occurrence of a limestone horizon north of the Great 
Boundary Fault in Bharatpur and adjoining areas (Mehta and Dhiman, 1980). 
128 
Ganurgarh Shale Formation 
The outcrops of Ganurgarh Shale are not exposed. The sub-crops of shales 
between the Rewa Sandstone and the Upper Bhander Sandstone are referable 
to Ganurgarh Shale Formation, which are seen in well sections. 
The Ganurgarh shales are sandy, bright and greenish in color, the thin 
partings of sandstone are common in the Ganurgarh shale. The bedding being 
dominant plane of fissibility in the Ganurgarh shales has given rise to flaggy 
strata, which provides good aquifer zones in the villages located above the 
Ganurgarh Shale horizon. 
Upper Bhander Sandstone Formation 
The Upper Bhander Sandstone form the surface of the plateau south of the 
Gambhir river. It comprise medium to coarse grain, thin to thick bedded 
sandstone, the sandstone is characteristically dark red with spots and splashes 
of fawn. At places white to buff color sandstone beds are seen without any 
staining. The sandstone is hard, compact, well bedded and come out in slabs 
of suitable thickness and dimension. 
As a result the red spotted Upper Bhander Sandstone is one of the most 
extensively used building material in northern India. The architectural work of 
Fatehpur Sikri, Agra, Delhi and former princely state of Bharatpur are 
excellent examples of the full utilization of the Upper Bhander Sandstone as a 
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building resource. The Upper Bhander Sandstone is unimodal, fine grain, well 
rounded and well sorted, comprising mostly of quartz as coarse elastics. The 
paucity of the micaceous and sheet minerals has made this sandstone suitable 
as building material. The red color is due to ferruginous cement which has 
prevaded the rock. 
The amenability of the Upper Bhander Sandstone to fine carving has open up 
new opportunities to export it as a value added product. The local artisans of 
Bharatpur district need to be encouraged under microlevel developmental 
planning to exploit Upper Bhander Sandstone for export market. 
Quaternary Supergroup 
General Statement 
The Quaternary' sediments of the study area forms part of the Indo-Gangetic 
plain. These sediments were deposited over a basement formed by 
Proterozoics of the Indian Shield in the southern part and the thrusted Tertiary 
sediments in the northern part of the basin (Sastri et al.,1971; Rao,1973). The 
Quaternary sediments comprising admixture of sand, silt and clay were 
deposited in negative tectonic topography, which received sediments from the 
rivers debouching both from the Vindhyan Upland in the south and newly 
risen mountains of Himalaya in the north. The alluvium sand and gravel, that 
filled the negative tectonic topography during the Quaternary period 
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constitute the vast alluvial plain. In the present study the Quaternary 
sediments have been separated into three groups namely, Older Alluvium 
Group, Newer Alluvium Group and Recent Alluvium Group in decending 
order of antiquity based on transgressive spatial relationship and 
superposition. 
Older Alluvium Group 
In the present study the Older Alluvium has been divided into two formations 
namely, Varanasi Older Alluvial Formation (VOA) (Joshi & Bhartiya,1991; 
Gupta & Gupta, 1992) which is Older Alluvium sensu-stricto (Krishnan,1982) 
and Aligarh Older Alluvial Formation (AOA) (Iqbaluddin,1992). Aligarh 
Older Alluvial Formation has been delineated as outliers within the Varanasi 
Older Alluvial Formation (VOA). For the purpose of stratigraphic description 
the Aligarh Older Alluvial Formation (AOA) and Varanasi Older Alluvial 
Formation (VOA) have been grouped in the Older Alluvium Group. 
Varanasi Older Alluvial Formation (VOA) 
Varanasi Older Alluvial Formation is the base of Quaternary sediments in the 
stud> area deposited over the eroded basement of Vindhyans and Delhi 
Supergroup. The Varanasi Older Alluvial Formation has a thickness of about 
276 m as indicated by sub-surface borehole logs (Anon,1994). 
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The elastics of this formation were deposited over the Delhi metasediments 
and Upper Vindhyan rocks with a first order unconformity. This formation is 
dominated by very fine sand elastics averaging 67.36% of he clastic 
population. The examination of the available vertical sections indicate that the 
upper most few meters thick mass of sediments are oxidized and show khaki 
to brown color while the lower sediments are of gray color. 
The sediments are characterized by lateral persistence uniformity of bedding 
and unimodal as well as bimodal distribution of the elastics. The upper part of 
the Varanasi Older Alluvial Formation is deficient in finer elastics. Fig. 2 
shows the average percent of elastics in Varanasi Older Alluvial Formation. 
The basal sediments of the VOA have been mostly derived from Vindhyan 
uplands and represent a clastogenic assemblage of the southern provenance. 
The quartz grains are subangular to well rounded and have high sphericity. 
Synsedimentary washout, breaks in deposition and occurrence of sandy 
sediments indicate deposition in closed shallow inland basin. The Caspian sea 
is possibly the present day analog of the Quartenary sea of Varanasi Older 
Alluvial Formation which received elastics from northern and southern 
provenance's. The northern shore were encircled by high mountains of 
Himalaya and the southern shore encompassed a low coast platformal 
characters, where relief difference between the provenance and the 
depositional areas was not of a very high order. 
The sediment samples of Varanasi Older Alluvial Formation collected from 
field were analyzed for their mineral composition. Quartz occur in abundance 
132 
(84.34%), feldspar, garnet and rock fragments are common. The rock 
fragments are of siltstone, chert and phyllites. The other accessory minerals 
are tremolite/actinolite, muscovite, biotite, hornblende, tourmaline, zircon, 
rutile, opaques, sillimanite, apatite, kyanite, epidote and staurolite. Fig. 6 
represents the mineralogenic population of VOA Formation. 
The textural. granulometric analysis of sediments indicates that the sediments 
in general are fine textured, the mean size (Mz) ranges from 5.26 4> to 3.4 <j). 
The standard deviation (aj) values range between 1.31(f) to 2.54 <j) indicating 
poorly sorted to very poorly sorted sediments, the skewness values are 0.52 
to 0.70 suggesting strongly fine skewed and kurtosis values are 0.59 to 1.97 
corresponding to very platykurtic to very leptokurtic elastics. 
The VOA shows wide range of mean size which suggests variation in the 
intensity of depositing currents, which is reflected in bimodal distribution of 
the elastics (Visher,1969; Singh and Bhardwaj,1991). Poorly to very poorly 
sorted nature of the sediments indicate variable depositing currents. The 
skewness measures the degree of asymmetry as well as the "sign". The 
granulometric results show positive skewness which indicates excess fine 
material. Symmetrical distribution of sediments has Skewness value 0. All the 
samples show asymmetrical distribution of sediments. Kurtosis is the 
quantitative measure used to describe departure from normality. Few samples 
show better sorting in the central part which are said to be leptokurtic while 
the others show better sorting at tails which are said to be platykurtic. 
1.13 
The sand of Varanasi Older Alluvial Formation fall under the sub-litharenite 
class (Folk's, 1980). The heavy mineral assemblage like kyanite, sillimanite, 
staurolite, garnet, rutile, zircon, tourmaline, hornblende indicates possibly 
mixed Himalayan and Indian Shield provenance's for Varanasi Older Alluvial 
Formation (Khan and Rawat,1992; Gupta and Gupta,1992). 
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Fig. 6. Histogram showing mineral population in Varanasi Older Alluvial 
Formation 
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Aligarh Older Alluvial Formation (AOA) 
The Varanasi Older Alluvial Formation is overlain by channel fills and flood 
plain deposits of north flowing palaeodrainage which emerged from Vindhyan 
uplands and debouched in central depression around Meerut 
(Iqbaluddin,1997). The deposits of the north flowing paleo-drainage represent 
Aligarh Older Alluvial Formation (AOA), which were first recognized in 
Aligarh District (Samdam,1990; Iqbaluddin,1992). The AOA lies as outlier 
within the Varanasi Older Alluvial Formation (Fig. 5). The elastics of the 
AOA rests with disconformity over the VOA. The AOA comprise clay, silt 
and sand deposits in various proportions (Fig. 4) and vary in thickness from 
few meters to over 20 meters. The unit of stratification varies from thin 
bedding to fine laminations (McKee and Weir,1953). The beds have lateral 
persistence and are characterized by compositional homogeneity over large 
tracts. Paucity of coarse elastics in the AOA, distinguish it from the 
underlying sandy horizons of VOA. 
The mineralogenic constituents of AOA comprise quartz in abundance 
(88.75%), feldspar, opaques and rock fragments are common. The accessory 
minerals are muscovite, tourmaline, zircon, rutile and kaoline the mineral 
species of AOA are less in number than VOA. Fig. 7 presents the 
mineralogical composition of AOA. 
The textural, granulometric analysis of (AOA) formation shows that the mean 
size (Mz) range from 5.63 (j> to 4.63 <j>, standard deviation (CTI) varies from 
2.34 <J) to 1.83 (|> indicating very poorly sorted to poorly sorted sediments, 
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skewness values are 0.73 to 0.28 corresponding to strongly fine skewed to 
fine skewed and kurtosis values range from 0.99 to 0.48 which suggest 
mesokurtic to very platykurtic elastics. The mean size of AOA is within 
narrow size range suggesting that during the process of deposition, the 
combined hydraulic factors (discharge, density, depth and velocity) attained 
by the depositing current system and bed roughness were more or less alike 
(Moss, 1963; Visher,1969). Positive values of skewness show asymmetrical 
distribution of sediments. The kurtosis values show that the sediments are 
better sorted in the tails. Fig. 4 shows the distribution of elastics in AOA. 
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Fig. 5. Histogram showing mineral population in Aligarh Older Alluvial 
Formation 
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Newer Alluvium Group 
The term Newer Alluvium has been used in its original sense for the 
sediments which occur along Yamuna river and its tributaries as Khadar 
deposits (Krishnan,1982; Khan and Rawat,1992). This Newer Alluvium has 
been assigned group status in the stratigraphy and has been included under 
Newer Alluvium Group. The Newer Alluvium Group comprise terrace 
deposits of the paleo-flood plain of Yamuna, which have been mapped as 
Yamuna Terrace Alluvial Formation. 
After deposition of AOA a new drainage system evolved leading to the 
entrenchment the river Yamuna in the VOA (Joshi and Bhartiya,1991;Khan 
and Rawat,1992). The Newer Alluvium is the third cycle of fluvial sediments 
deposited in Ganga-Yamuna-Doab. The term Newer Alluvium was 
introduced to describe the sediments of the paleo-flood plain of Ganga and its 
tributary rivers. The flood plain deposits have been locally described as 
khadar and consists of light colored mud, clay, silt and sand which 
geomorphologically form terraces (Gupta and Gupta,1992; Thussu et al., 
1992) For the purpose of stratigraphic description the Newer Alluvium is 
described as Yamuna Terrace Alluvial Formation in the study area. 
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Yamuna Terrace Alluvial Formation (YTA) 
The paleo flood plain deposit of Yamuna which occur as linear stretch 
between VOA and Recent flood plain of Yamuna have been mapped as YTA. 
The development of YTA represents a period of rejuvenation when the river 
possibly due to lowering of sea level cut through the earlier flood plain and 
later started depositing silt and clay with admixture of sand. The sediments of 
YTA are unoxidized, gray in color, varying in thickness from 4 to 10 m. The 
bedding is defined by parallel laminations and climbing ripple laminations. 
Kankar is developed in clay beds. Some lensoid fine sand bodies occur in 
clay beds. These lensiod sand bodies occuring in clay have been described as 
crevass splay deposits. These deposits resulted due to sudden fluctuation in 
the current velocity eroding the clayey deposits and depositing fine sand in 
lensoid shape. 
The mineral assemblage occuring in the YTA is quartz in abundance 
(81.87%), rock fragments, felspars and garnet are common and 
tremolite/actinolite, mica, hornblende, tourmaline, opaques, sillimanite, 
kyanite, epidote, titanite occur as accessary minerals in YTA (Fig. 9). The 
mineral species occuring in this formation are derived from Himalayan 
provenance. 
The granulomere results of YTA are Mean size (Mz) ranges from 4.66 <f> to 
4.88 <j) standard deviation (GI) from 1.74 <J> to 1.94 <j>, skewness from 0.56 to 
0.75 and kurtosis from 0.9 to 1.15. The mean size range of this formation is 
very low and suggest uniform velocity of depositing current, which is 
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reflected in unimodal distribution of elastics. The skewness value show 
asymmetrical distribution of clasts. The kurtosis values show better sorting 
both in central part and in tails. Fig. 8 presents the average percent of the 
elastics in YTA. 
Figure - 8 : Clastic Population of Yamuna Terrace Alluvial Formation 
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DC 
Figure - 9 : Mineralogenic Population of Yamuna Terrace Alluvial Formation 
Recent Alluvium Group 
The youngest sedimentary cycle has been mapped as Recent Alluvium Group 
which comprise sand, silt and clay admixture developed along recent flood 
plain of Yamuna and its tributaries. 
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The deposist of sand arid silt with admixture of clay and mud seen alongthe 
recent flood plain of Yamuna have been assigned as Recent Alluvium Group. 
It represents sedminets of post Glacial period roughly corresponding to 
Mesolithic to present day. The sediments comprise loose unconsolidated 
sand, silt and clay admixture deposited along the active flood plain of 
Yamuna and its tributaries. The sediments of Recent Alluvium Group 
comprise recent flood plain deposits which have been described as Yamuna 
Recent Alluvial Formation in Aligarh and Mathura districts, Banganga Recent 
Alluvial Formation and Bharatpur Loam Formation in Bharatpur district. 
Yamuna Recent Alluvial Formation (YRA) 
The active alluvium of the recent flood plain and associated T0 terrace along 
the Yamuna river together with the channel deposit of sand, silt and clay have 
been mapped as Yamuna Recent Alluvial Formation (YRA). The sediments 
of the YRA fonnation exhibit transgressive relationship with the underlying 
VOA sediments. Sand fraction is maximum followed by clay and silt in YRA 
(Fig. 10). The river Yamuna passing through the Mathura and Aligarh 
districts has sinous course representing typical point bar deposits. The point 
bar deposits at the base represent large scale trough cross beds followed by 
large scale climbing ripples, parallel laminations and massive clay at the top 
(Fig. 5). The clay beds are impregnated with kankar. On remotely sensed data 
of LANDSAT TM FCC this lithological unit is recognized by its medium to 
dark tone, indicating high moisture content in the soil, extensive agricultural 
practice and association with present day drainage channels. 
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Mineralogical study of YRA shows that quartz occurs in abundance (81.09%) 
and rock fragments, mica, feldspar, garnet, opaques are common while 
hornblende, zircon, rutile, sillimanite are accessary minerals. Fig. 11 presents 
the mineral population of YRA. Petrographically the sediments of YRA are 
sublithic arenite like the Ganga Recent Alluvium (Singh et al.,1993). 
The textural characters of YRA represents that Mean size (Mz) is 3.53 <(>, 
standard deviation (d) is 1.02 <|>, skewness is 0.45 and kurtosis 0.29. The 
poorly sorted and bimodal distribution reveals variable depositing currents. 
Kurtosis value indicate that sediments are well sorted in the tails. 
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Figure -10 : Clastic Population of Yamuna Recent Alluvial Formation 
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Figure - 1 1 : Mineralogic Population of Yamuna Recent Alluvial Formation 
Bharatpur Loam Formation 
This formation is charactenzed by mixture of aeolian and alluvial sediments 
and is separated by a disconformity with Aligarh Older Alluvial Formation. 
The sediments of Bharatpur Loam Formation have been derieved from 
adjacent Alw ar district in the west and the provenence limit of this deposit is 
possibly the Aravalli Orographic axis. This hthological unit is well developed 
in Bharatpur district it pinches out and terminate west of Bharatpur town 
making a hthological contact with Aligarh Older Alluvial Formation. The 
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Bharatpur Loam Formation exhibit overlap on Aligarh Older Alluvial 
sediments. Its stratigraphic position is uncertain within Recent Alluvium 
Group, for purpose of description it has been tentatively placed above 
Yamuna Recent AlluvialFormation (YRA). 
The sediments of this unit are predominantly sandy in nature, sub-angular to 
sub-rounded. Granometrically these comprise 68% sand, 28% silt and 4% 
clay (Fig. 12). 
This lithological unit is identified on TM FCC data by its light to medium 
tone, irregular lithological boundary outline, association with erosional and 
structural hills belonging to Delhi and Vindhyan Supergroups, scanty 
vegetation and low locked up moisture. This unit occupies a major part of the 
Bharatpur district and extend from north to south adjacent to Aravalli hills 
and Vindhyan plateau in the district. 
The mineralogical constituents of Bharatpur Loam Formation include quartz 
in abundance, micas and feldspars are common. The other accessory minerals 
include rutile, tourmaline, zircon, epidote, garnet, opaques, etc. Fig. 13 
presents the mineralogical population of this formation. The texrural 
parameters of this formation indicate that their mean size (Mz) range from 
6.64 (J) to 3.63 (j), standard deviation range from 3.15 <j) to 0.64 <j). The values 
for kurtosis (KG) range from 3.92 to 1.46 and Skewness (SKj) values range 
from 0.71 to -1.03. These parameters indicate that the sediments of Bharatpur 
Loam Formation are medium to coarse grained, moderately well sorted to 
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poorly sorted, fine skewed to srongly coarse skewed and leptokurtic to 
extermely leptokurtic in nature. 
The geotechnical parameters have also been determined for the Quaternary 
sediments of Bharatpur Loam Formation, its Liquid limit range from 10.0 to 
23.75, Plastic limit vary from 12.04 to 32.70 and Flow index from 9.25 to 
17.50. 
Figure - 12 : Clastic Population of Bharatpur Loam Formation 
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Figure - 13 : Mineralogic Population of Bharatpur Loam Formation 
Banganga Recent Alluvial Formation 
It is the youngest stratigraphic unit in the study area which comprise flood 
plain deposits of Banganga river which enters into the district from Alwar 
district in the west. Banganga river is a typical example of the entrenched 
river which is cutting across the earlier Quaternary deposits and depositing 
the fresh sand, silt and clay in its flood plain, which extends across 2 to 3 
kilometers on its right and left banks. Due to the low channel depth, the river 
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causes frequent sheet flooding in the district during the monsoon season. The 
Banganga Recent Alluvial Formation is referable to Recent Alluvial Group in 
the Quaternary Stratigraphy of Indo-Gangetic plain. 
The formation is recognized on the TM FCC by its light tone, first order 
drainage channels joining the main Banganga river, abandoned/dry channels, 
scars, low settlement density and scanty vegetation. This formation stretches 
in a linear pattern from west to east along the course of river Banganga. 
The mineralogical constituents of this formation include quartz in abundance, 
micas and feldspars are common. The acessory minerals include tourmaline, 
zircon, epidote, garnet, staurolite, spinel, opaques and rock fragments . Fig. 14 
presents the mineralogical population of Banganga Recent Alluvial 
Formation. 
Granometrically these comprise 66% sand, 30% silt and 4% clay (Fig. 15). 
The textural parameters of this formation indicate that their mean size (Mz) 
range from 3.56 <() to 5.06 <j>, standard deviation range from 0.50 <J) to 1.34 §. 
The values for kurtosis (KG) range from 0.83 to 4.81 and Skewness (SKi) 
values range from 0.25 to - 0.02. These parameters indicate medium to fine 
grained sand, moderately well sorted to poorly sorted, fine skewed to near 
symmetrical and platykurtic to extermely leptokurtic nature of elastics in the 
flood plain deposits of the river. 
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Figure - 15 : Clastic Population of Banganga Recent Alluvial Formation 
The geotechnical parameters have also been determined Liquid limit range 
from 9.25 to 13.25, Plastic limit vary from 15.34 to 22.65 and Flow index 
from 11.5 to 21.00. 
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Table - 15 Stratigraphic sequence of study area covering parts of Yamuna 
basin in Aligarh, Mathura and Bharatpur districts. 
Super Group Group Formation 
Quaternary Recent Alluvium Group -Banganga Recent Alluvium Formation 
-Bharatpur Loam Deposit 
-Yamuna Recent Alluvial Formation (YRA) 
Newer Alluvium Group -Yamuna Terrace Alluvial Formation (YTA) 
Older Alluvium Group -Aligarh Older Alluvial Formation (AOA) 
-Varanasi Older Alluvial Formation (AOA) 
UNCONFORMITY 
Vindhv an Super Group Bhander Group - Upper Bhander Sandstone 
- Gannurgarh Shales 
Rewa Group - Lower Rewa Sandstone 
UNCONFORMITY 
Delhi Super Group Ajabgarh Group - Arauli Formation 
- Bhakrol Formation 
- Weir Formation 
- Kushalgarh Formation 
DISCONFORMITY 
Alwar Group - Damdama Formation 
- Bavaria Formation 
- Badalgarh Formation 
- Jogipura Formation 
UNCONFORMITY 
Railo Group - Jahaz-Go\ indpura Volcanics 
- Nithar Formation 
UNCONFORMITY 
Pre Delhi 
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Table - 16 Lithostratigraphic Sequence of the Bayana Basin 
Heron (1971) 
Group 
Purana 
Group 
Archean 
Group 
System 
Delhi 
System 
Aravall 
System 
Series 
Alwar 
Series 
Stage 
Weir 
Stage 
Damdama 
Stage 
Bayana 
Stage 
Badalgarh 
Stage 
Nithar 
Stage 
Pascoe(1965) 
Stage 
Weir 
Stage 
Damdama 
Stage 
Bayana 
Stage 
Badalgarh 
Stage 
Nithar 
Stage 
Railo 
Singh (1991) 
Group Formation Member 
Ajabgarh Weir - (340 m) 
Kushalgarh-(lOOm) 
Damdama - Lakhanpur sandstone 
- Kanwar quartzitc 
- Umraind conglomerate 
Alwar Bayana - Mahloni conglomerate 
- Mortalab quartzitc 
- Alapuri quartzite 
Badalgarh - Bagrain sandstone 
Jogipura - Quartzite 
- Sita conglomerate 
Jahaz -(l(XX)m) 
Go\indpura 
volcanics - Quartzite 
Nithar - Conglomerate 
Pre -Delhi Metasediments and Metabasites 
CHAPTER - V 
Soil 
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Soils 
General Statement 
Topographically study area forms a plain with gentle south-easterly slope. 
The monotony of landscape is punctuated by Ganga and Yamuna rivers and 
their tributaries. 
The soils of the area are alluvial and aeolian. The basic framework of soil 
development in the study area is constrained by lithological distribution of 
geological formations (Fig. 16), physical features and landscape pattern (Fig. 
3). Besides the distribution of groundwater in the aquifer systems has 
controlled the soil profile and in areas of water-logging it has contributed to 
soil degradation by development of saline-alkaline zones (Fig. 16). 
The study area has paleo-drainage which emerged from Vindhyan uplands 
and drained the central depression of Ganga-Yam una interflue. The area in 
the western part of the district has stabilized sand dunes, which 
geomorphologically represent the eastern frontier of the Semi Arid zone of 
Thar desert. The area in the vicinity of the Ganga canal is water logged , the 
area with shallow water-table exhibit development of saline soils and reh 
deposits. 
The LANDSAT TM FCC Bands 2, 3 and 4 of Path-Row 146-041 and 146-
042 on 1:250,000 scale have been used along with selective ground checks 
together with available secondary information (Anon, 1951,1968-1986, 
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Chanan et. al.,1991; Iqbaluddin, 1996c) in preparation of soil map of the 
district. The representative samples were collected from different localities in 
the area. The soil samples were analysed for their physical and chemical 
characteristics at Remote Sensing Applications Center for Resource 
Evaluation and Geoengineering laboratory. 
Soil Types 
The soils were interpretated on basis of color, tone, texture, association and 
pattern following Colwell (1983). The soils of study area have been grouped 
into 36 soil series on basis of soil characteristics (Anon, 1951, 1968 -1986, 
Chanan et. al.,1991). 
The nomenclature for the soils of area has been decided on the spatial 
association of soils with landforms in the area. The physical characteristics of 
soils and their spatial spread in the area have been described. 
The physico-chemical characteristics of soil series and their spatial 
distribution in the district have been described. The discription of these soil 
series is as follows : 
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1. Ganga Khadar Soil Series 
The Ganga Khadar Soil Series occur in a narrow belt along the Recent Flood 
Plain of Ganga river in the district. Geologically, it represents Newer Alluvial 
Formation. On the basis of soil series, the soil has been assigned to Ganga 
Khadar Soil Series (Anon, 1951). The soil series cover about 22 villages in 
Atrauli Tahsil of the district. The area occupied by this soil type has imperfect 
drainage. The Ganga Khadar soils are alkaline. 
The soil is light gray to ash gray in color and comprise of loam which vary 
from sandy loam to silty loam. Granulometrically, it comprise sand 73.94%, 
silt 15.18% and clay 4.73% as observed in the representative sample from 
Nabipur in Gangiri block. The soil structure is spheroidal and moisture is 
0.33%. 
Geotechnically, the Ganga Khadar has liquid limit 16.25%, Flow Index 
6.75% and Plastic Limit 16.25%. The clastogenic population has inclusive 
Mean (Mz) 3.7, Sorting (a,) 1.26, Skewness (SKI) 0.46 and Kurtosis (KG) 
1.33. Chemically the Ganga Khadar Soil Series has Cation Exchange 
Capacity (CEC) 7.40%, Exchangable Sodium Percentage (ESP) 0.53%, 
Hydrogen Ion Concentration (pH) >8, Alumina (AI2O3) 4.36%, Sodium 
Bicarbonate (NaHC03) 0.131%, Phosphorous Oxide (P205) 0.14%, 
Potassium Oxide (K20) 0.63%, Calcium Oxide (CaO) 0.76%, Ferric Oxide 
(Fe203) 2.24% and Magnesium Oxide (MgO) 0.76%. 
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The fertility of Ganga Khadar Soil Series in terms of macro and micro 
nutrients is Nitrogen (N) 0.06%, Phosphorous (P) 0.03%, Potassium (K) 
0.26% and Iron (Fe) 0.76%. 
2. Eastern Uplands Soil Series 
The Eastern Upland Soil Series extends from Kali Nadi to Ganga Khadar in 
the north-eastern part of the Aligarh and Mathura districts. Geologically, it 
represents Older Alluvial Formation and geomorphologically it represents T2 
Terrace zone of Ganga. On the basis of soil series, this soil has been assigned 
to Eastern Upland Soil Series (Anon,1951). The soil series cover about 273 
villages in Atrauli Tahsil of the Aligarh and 248 villages in Mat and Sadabad 
tahsils of the Mathura district. The soil of this series are senile, very deep and 
well drained. Topographically, the soils have very gentle to gentle (1-5%) 
slope. Leaching is medium to high in this soil series. 
The representative soil profiles of this series were examined near Akbarpur 
and Koyal villages - Mat Tahsil and Madha Pithu village - Sadabad Tahsil 
and Barla in Gangiri block, Aligarh District. (Fig. 16). 
The soils of this series are yellowish brown to dark yellowish brown in color 
and sandy loam to sandy clay loam in texture. Granulometrically, it comprise 
sand 63.70% - 78.77%, silt 7.57% - 16.30% and clay 13.70% - 20.0% as 
observed in the representative samples. The soil's structure is angular to 
spheroidal and moisture is 0.90% - 3.70%. 
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The clastogenic population has inclusive Mean (Mz) 4.07, Sorting (aO 1.20, 
Skewness (SKI) 0.46 and Kurtosis (KG) 1.33. 
Geotechnically, the soils of this series has liquid limit 24.46% - 25.75%, flow 
index 4.0% -12.75% and plastic limit 7.28% - 12.42%. 
The Eastern Upland Soil Series has Cation Exchange Capacity (CEC) 8.12% 
- 9.80%, Exchangeable Sodium Percentage (ESP) <15, Hydrogen Ion 
Concentration (pH) 7.85 - 8.80, Electrical Conductivity (EC) 0.21 - 0.24 
mmhos/cm, Silica (Si02) 69.60% - 73.95%, Alumina (A1203) 10.20%, 
Sodium Bicarbonate (NaHC03) 2.30% - 2.50%, Phosphorous Oxide (P205) 
0.46% - 0.91%, Potassium Oxide (K20) 3.25% - 3.42%, Calcium Oxide 
(CaO) 0.50% - 1.41%, Ferric Oxide (Fe203) 3.24% - 4.81% and Magnesium 
Oxide (MgO) 0.75% - 1.10%. 
The fertility of Eastern Upland Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.07% - 0.08%, Phosphorus (P) 0.10% - 0.22% and Potassium 
(K) 1.31% - 1.35%. The soil is light brown to deep brown in color and is 
loam to sandy loam in texture. 
3. Central Lowlands Soil Series 
The Central Lowlands Soil Series occupies eastern half of Koil Tahsil, almost 
whole of Sikandrarao Tahsil and eastern portion of Sasni Block of Hatras 
Tahsil of the Aligarh district. Geologically, it represents Older Alluvial 
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Formation. The Central Lowland tract extends from south to north and 
represents a paleo-drainage emerging from Bundelkhand-Vindhyan Uplands, 
having northerly palaeo-slope. On the basis of soil series, the soil has been 
assigned to Central Lowlands Soil Series (Anon, 1951). The soil series cover 
about 455 villages of the district. The area occupied by this soil type has poor 
drainage, water logging and presence of Kankars in sub soil. Saline soils are 
developed in this area. 
The soil is gray to dark gray in color and is loam to clayey loam in texture. 
Granulometrically, it comprise sand 47.39%, silt 25.35% and clay 22.50% as 
observed in the representative sample from Pora in Hasain block. The soil 
structure is spheroidal and moisture is 0.58%. 
Geotechnically, the Central Lowlands Soil Series has liquid limit 22.00%, 
Flow Index 15.25% and Plastic Limit 24.03%. The clastogenic population has 
inclusive Mean (Mz) 4.13, Sorting (oj) 1.07, Skewness (SKI) 0.42 and 
Kurtosis(KG)1.4. 
Chemically the Central Lowland Soil Series has Cation Exchange Capacity 
(CEC) 10.50%, Exchangable Sodium Percentage (ESP) 0.50%, Hydrogen Ion 
Concentration (pH) 7 to 8 and at places >8, Electrical Conductivity (EC) 4.00 
mmmhos/cm, Silica (Si02) 47.30%, Alumina (AI2O3) 7.55%, Sodium 
Bicarbonate (NaHC03) 0.052%, Phosphorous Oxide (P205) 0.09%, 
Potassium Oxide (K20) 0.57%, Calcium Oxide (CaO) 1.26%, Ferric Oxide 
(Fe203) 4.56% and Magnesium Oxide (MgO) 0.40%. 
158 
The fertility of Central Lowlands Soil Series in terms of macro and micro 
nutrients is Nitrogen (N) 0.05%, Phosphorous (P) 0.019%, Potassium (K) 
0.23% and Iron (Fe) 1.56%, Manganese (Mn) 126 ppm, Zinc (Zn) 10 ppm 
and Copper (Cu) 46 ppm. 
4. Western Uplands Soil Series 
The Western Uplands Soil Series covers largest area of the Aligarh district 
and include entire Iglas Tahsil, almost the whole of Hatras Tahsil and about 
75% of area of Khair Tahsil, western portion of Koil Tahsil and southern 
portion of Hasain Block of Sikandrarao Tahsil and is distributed in 124 
villages in Chatta and Mathura tahsils of the Mathura district. Geologically, it 
represents Older Alluvial Formation and geomorphologically it represents 
Older Alluvial Plain. On the basis of soil series, the soil has been assigned to 
Western Uplands Soil Series (Anon, 1951). 
The soil of this series are senile and very deep. The drainage is well 
developed in the area and leaching is conspicious. Topographically, the soils 
have very gentle to gentle (1-5%) slope. 
The representative soil profiles of this series were studied near Chatta village 
- Chatta tahsil and Pura and Baburi Garvi villages - Mathura Tahsil and 
Lodha in Aligarh district. 
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The soils of this series are light brown to dark yellowishbrown in color and 
sandy loam to loamy sand in texture. Granulometrically, it comprise sand 
66.73% - 80.50%, silt 7.27% - 23.72% and clay 8.36% - 21.27% as observed 
in the representative samples. The soil's structure is angular to spheroidal and 
moisture is 0.65% -3.70%. 
The clastogenic population has inclusive Mean (Mz) 3.98, Sorting (CTI) 0.84, 
Skewness (SKI) 0.79 and Kurtosis (KG) 4.90. 
Geotechnically, the soils of this series has liquid limit 14.50% - 22.00%, flow 
index 5.50% - 11.25% and plastic limit 11.07% - 15.38%. 
The Western Upland Soil Series has Cation Exchange Capacity (CEC) 8.25% 
- 9.70%, Exchangeable Sodium Percentage (ESP) < 15, Hydrogen Ion 
Concentration (pH) 7.25 - 8.05, Electrical Conductivity (EC) 0.22 - 0.35 
mmhos/cm, Silica (Si02) 66.91% - 74.37%, Alumina (A1203) 10.63%, 
Sodium Bicarbonate (NaHCCb) 1.24% - 2.16%, Phosphorous Oxide (P205) 
0.36% - 0.70%, Potassium Oxide (K20) 2.99% - 3.76%, Calcium Oxide 
(CaO) 1.32% - 1.41%, Feme Oxide (Fe20.,) 3.00% - 3.96% and Magnesium 
Oxide (MgO) 0.46% - 1.02%. 
The fertility of Western Upland Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.07% - 0.08%, Phosphorus (P) 0.08% - 0.15% and Potassium 
(K) 1.27%-1.56%. 
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The soils of this senes are well drained due to high permeability and leaching. 
All types of crops can be grown in these soils. 
5. Yamuna Khadar Soil Series 
The Yamuna Khadar Soil Series occurs in narrow belt along Recent Flood 
Plain of Yamuna river in the Aligarh and Mathura districts. Geologically, it 
represents Newer Alluvial Formation. On the basis of soil series, the soil has 
been assigned to Yamuna Khadar Soil Series (Anon, 1951). The soil senes 
cover about 17 villages in Khair Tahsil of the Aligarh district and 112 villages 
of Mathura district. The Yamuna Khadar Soil Series is strongly alkaline. The 
soil series are undeveloped and young. Topographically, the soils are gentle 
to moderate 3% -10% slope. 
The representative soil profiles of this series were examined near Mathura 
Khadar village - Mathura Tahsil and Nagla Akora village - Sadabad Tahsil in 
the Mathura district and Tappal Tahsil in Aligarh district. The soils of this 
series are light gray to dark gray in color and sandy to clayey in texture. 
Granulometncallv, it compnse sand 42.16% - 85.00%, silt 4.18% - 52.34% 
and clay 5.50% - 10.82% as observed in the representative samples. The 
soil's structure is angular to spheroidal and moisture is 1.53% - 2.78%. 
Geotechnically, the Yamuna Khadar Soil Series has liquid limit 29.25%, Flow 
Index 5.0% and Plastic Limit 20.56%. 
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The Yamuna Khadar Soil Series has Cation Exchange Capacity (CEC) 9.50% 
- 15.50%, Exchangeable Sodium Percentage (ESP) > 15, Hydrogen Ion 
Concentration (pH) 8.50 - 8.66, Electrical Conductivity (EC) 0.16 - 0.18 
mmhos/cm, Silica (Si02) 56.14% - 57.79%, Alumina (A1203) 8.72% -
10.55%, Sodium Bicarbonate (NaHC03) 1.64% - 2.04%, Phosphorous Oxide 
(P205) 0.47% - 0.63%, Potassium Oxide (K20) 2.90% - 3.07%, Calcium 
Oxide (CaO) 3.66% - 5.26%, Feme Oxide (Fe203) 2.71% - 4.10% and 
Magnesium Oxide (MgO) 2.14% - 2.35%. 
The fertility of Yamuna Khadar Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.03% - 0.05%, Phosphorus (P) 0.10% - 0.14% and Potassium 
(K) 1.20%-1.27%. 
6. Trans-Yamuna Khadar Soil Series 
The Trans-Yamuna Khadar Soil Series extends almost parallel to the Yamuna 
Khadar tract in form of narrow belt east of Yamuna. Geologically, it 
represents Newer Alluvial Formation and geomorphologically it represents Ti 
Terrace zone of Yamuna. On the basis of soil series, the soil has been 
assigned to Trans-Yamuna Soil Series (Anon, 1951). The soil series cover 
about 43 villages in Khair Tahsil of the Aligarh district and 157 villages of 
Mathura district. The soils of this series are more compact with low drainage 
density and contain Kankar at various levels in the soil profile. The soil of this 
series are mature. Topographically, the soils are undulatory with gentle to 
moderate 3% -10% slope. 
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The representative soil profiles of this series were examined near Anganpura 
village - Mathura Tahsil in district and Mahaban Bangar village - Sadabad 
Tahsil and Jattari, Aligarh district. 
The soils of this series are light brown to dark yellowish brown in color and 
loamy to sandy in texture. Granulometrically, it comprise sand 57.87% -
66.76%, silt 17.19% - 30.90% and clay 11.23% - 16.05% as observed in the 
representative samples. The soil's structure is angular to spheroidal and 
moisture is 1.15%- 1.25%. 
Geotechnically, the soils of this series has liquid limit 15.50% - 17.75%, flow 
index 8.00% - 8.50% and plastic limit 13.43% -15.94%. 
The Trans - Yamuna Khadar Soil Series has Cation Exchange Capacity 
(CEC) 8.25% - 14.30%, Exchangeable Sodium Percentage (ESP) < 15. 
Hydrogen Ion Concentration (pH) 8.10 - 8.25, Electrical Conductivity (EC) 
0.25 - 0.30 mmhos/cm, Silica (Si02) 63.39% - 65.25%, Alumina (A1203) 
10.20% - 10.66%, Sodium Bicarbonate (NaHCO.O 1.38% - 2.69%, 
Phosphorous Oxide (P205) 0.20% - 0.28%, Potassium Oxide (K20) 2.90% -
3.50%o, Calcium Oxide (CaO) 0.45% - 1.31%, Feme Oxide (Fe203) 3.21% -
3.84%> and Magnesium Oxide (MgO) 0.60% - 0.64%. 
The fertility of Trans - Yamuna Khadar Soil Series in terms of macro-nutrient 
is Nitrogen (N) 0.04% - 0.05%, Phosphorus (P) 0.04% - 0.06% and 
Potassium (K) 1.20% -1.45%. 
163 
7. Eastern Lowland Soil Series 
The Eastern Lowland Soil Series covers 11.80 % area of the Mathura district 
and is distributed in 144 villages in Mat and Sadabad tahsils of the district. 
Geologically, it represents Aligarh Older Alluvial Formation and 
geomorphologically, it covers Aligarh Older Alluvial Plain. 
The soil of this series are senile, deep and well drained. Topographically, the 
soils have plain to very gentle slope < 3%. Small Calcium Carbonate 
concretions are present (Kankar). 
The representative soil profiles of this series were examined near kolahar 
village - Mat Tahsil and Hathkauli village - Sadabad Tahsil (Fig. 16). 
The soils of this series are light yellowish brown to dark grayish brown in 
color and loamy in texture. Granulometrically, it comprise sand 50.60% -
51.50%, silt 21.40% - 32.80% and clay 16.60% - 27.10% as observed in the 
representative samples. The soil's structure is angular to spheroidal and 
moisture is 1.45% - 6.00%. 
Geotechnically, the soils of this series has liquid limit 26.00% - 31.25%, flow 
index 7.00% and plastic limit 11.09% - 13.39%. 
The Eastern Lowland Soil Series has Cation Exchange Capacity (CEC) 
11.00% - 14.60%, Exchangeable Sodium Percentage (ESP) < 15, Hydrogen 
Ion Concentration (pH) 8.06 - 8.40, Electrical Conductivity (EC) 0.50 - 0.65 
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mmhos/cm, Silica (Si02) 55.52% - 62.56%, Alumina (AI203) 8.72% -
12.89%, Sodium Bicarbonate (NaHCO^) 1.91% - 2.50%, Phosphorous Oxide 
(P205) 0.34% - 0.61%, Potassium Oxide (K20) 2.9% - 3.25%, Calcium 
Oxide (CaO) 1.07% - 1.35%, Feme Oxide (Fe203) 3.10% - 3.20% and 
Magnesium Oxide (MgO) 0.61% - 0.65%. 
The fertility of Eastern Lowland Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.05% - 0.06%, Phosphorus (P) 0.07% - 0.13% and Potassium 
(K) 1.20%-1.35%. 
8. Western Lowland Soil Series 
The Western Lowland Soil Series covers 24.61 % area of the district and is 
distributed in 183 villages in Chatta and Mathura tahsils of the district. 
Geologically, it represents Aligarh Older Alluvial Formation and 
geomorphologically, it covers Aligarh Older Alluvial Plain. The soil of this 
series are senile, deep and well drained. Topographically, the soils are plain 
to very gentle < 3% slope. Calcium Carbonate concretions (Kankars) are 
present in sub-soil. 
The representative soil profiles of this series were examined near Ajnaukh 
and Tarauli Janubi villages - Chatta Tahsil in district and Khamini village -
Mathura Tahsil. Taxonomically, the soils of this series are placed in Alfisol 
and Inceptisol Orders. 
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The soils of this series are yellowish brown to dark grayish brown in color 
and sandy loam to clay loam in texture. Granulometrically, it comprise sand 
50.87% - 59.10%, silt 16.45% - 38.63% and clay 10.50% - 26.82% as 
observed in the representative samples. The soil's structure is angular to 
spheroidal and moisture is 1.20% - 2.28%. 
Geotechnically, the soils of this series has liquid limit 16.00% - 28.50%, flow 
index 5.50% - 18.00% and plastic limit 10.62% - 15.49%. 
The Western Lowland Soil Series has Cation Exchange Capacity (CEC) 
10.50% - 12.75%, Exchangeable Sodium Percentage (ESP) < 15, Hydrogen 
Ion Concentration (pH) 7.28 - 8.30, Electrical Conductivity (EC) 0.18 - 1.22 
mmhos/cm, Silica (Si02) 68.77% - 70.64%, Alumina (A1203) 9.15%, Sodium 
Bicarbonate NaHC03) 2.16% - 3.10%, Phosphorous Oxide (P205) 0.60% -
1.20%, Potassium Oxide (K20) 3.59% - 3.93%, Calcium Oxide (CaO) 1.05% 
- 1.20%, Ferric Oxide (Fe203) 3.90% - 4.30% and Magnesium Oxide (MgO) 
0.42% - 0.52%. 
The fertility of Western Lowland Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.03% - 0.05%, Phosphorus (P) 0.13% - 0.26% and Potassium 
(K)1.49%- 1.63%. 
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9. Usar Land Soil Series 
The Usar Land Soil Series covers 5.70 % area of the district and is distributed 
in 46 villages of the district. Geologically, it represents Aligarh Older Alluvial 
Formation and geomorphologically, it covers Aligarh Older Alluvial Plain. 
The soil of this series are senile. Due to poor drainage, water-logging and 
presence of calcium carbonate concretions (Kankars) in sub-soil, the 
extensive spreads of saline-alkaline soils have been formed in this region. 
Topographically, the soils are plain < 1% slope. Leaching is low in the soils, 
due to high salinity-alkalinity the soil is not suitable for irrigation. 
The representative soil profiles of this series were examined near Umraya 
village - Chatta Tahsil and Parkham village - Mathura Tahsil of the district. 
The soils of this series are light gray to dark yellowish gray in color and silt 
loam to clay loam in texture. Granulometrically, it comprise sand 19.59% -
30.50%, silt 32.30°A - 50.31% and clay 30.11% - 37.20% as observed in the 
representative samples. The soil's structure is angular to spheroidal and 
moisture is 2.90% - 3.40%. 
Geotechnically, the soils of this series has liquid limit 18.50% - 20.50%, flow 
index 4.25% - 9.50% and plastic limit 8.39% - 11.26%. 
The Usar Land Soil Series has Cation Exchange Capacity (CEC) 15.50% -
25.50%, Exchangeable Sodium Percentage (ESP) > 15, Hydrogen Ion 
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Concentration (pH) 8.50 - 8.80, Electrical Conductivity (EC) 5.60 - 14.62 
mmhos/cm, Silica (Si02) 36.46% - 41.27%, Alumina (A1203) 9.65% -
10.89%, Sodium Bicarbonate (NaHC03) 2.04% - 5.47%, Phosphorous Oxide 
(P205) 0.24% - 0.30%, Potassium Oxide (K20) 2.90% - 2.99%, Calcium 
Oxide (CaO) 1.68% - 2.54%, Ferric Oxide (Fe203) 2.64% - 3.60% and 
Magnesium Oxide (MgO) 0.56% - 0.62%. 
The fertility of Usar Land Soil Series in terms of macro-nutrient is Nitrogen 
(N) 0.01% - 0.02%, Phosphorus (P) 0.05% - 0.06% and Potassium (K) 1.20% 
- 1.24%. 
10. Karban Khadar Soil Series 
The Karban Khadar Soil Series occurs in a very narrow belt along the Recent 
Flood Plain of Karban river in Sadabad Tahsil covering 0.27% area of the 
district and is distributed in 6 villages of Sadabad Tahsil of the district. 
Geologically, it represents Yamuna Recent Alluvial Formation. The soil 
senes are undeveloped, young and shallow. Topographically, the soils are 
gentle to moderate 3% - 10% slope. 
The representative soil profiles of this series was examined near Kupa village 
- Sadabad Tahsil in district. 
The soils of this series are light gray to yellowish brown in color and loamy 
sand in texture. Granulometrically, it comprise sand 80.25%, silt 10.05% and 
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clay 8.70% as observed in the representative samples. The soil's structure is 
angular to spheroidal and moisture is 0.45%. 
The Karban Khadar Soil Series has Cation Exchange Capacity (CEC) 
10.20%, Exchangeable Sodium Percentage (ESP) < 15, Hydrogen Ion 
Concentration (pH) 8.15, Electrical Conductivity (EC) 0.18 mmhos/cm, Silica 
(Si02) 74.78%, Alumina (A1203) 11.28%, Sodium Bicarbonate (NaHC03) 
2.43%, Phosphorous Oxide (P205) 0.34%, Potassium Oxide (K20) 2.90%, 
Calcium Oxide (CaO) 0.87%, Ferric Oxide (Fe203) 2.80% and Magnesium 
Oxide (MgO) 0.78%. 
The fertility of Karban Khadar Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.04%, Phosphorus (P) 0.07% and Potassium (K) 1.20%. 
11. Alipur Soil Series 
The Alipur Soil Series covers about 1.0% area of the district and is 
distributed in Pahari, Kaman, Nagar and Deeg Tahsils of the district. 
Geologically, the soil of Alipur series are developed over Bharkol Formation 
of Delhi System. The soils are found on dteeply sloping hill slopes. The 
Alipur soil series are excessively drained with moderate permeability and 
suffer from severe erosion, rock outcrops are common in this series and the 
soils are non-calcareous, mostly under thin bushy and shurbs forest. 
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The soils of this series are shallow to very shallow, dark reddish brown in 
color and gravelly loam, sand to sandy loam in texture. Granulometrically, it 
comprise sand 70.00%, silt 20.00% and clay 10.00%. 
The Alipur Soil Series has Cation Exchange Capacity (CEC) 7.05%, 
Exchangeable Sodium Percentage (ESP) < 15, Hydrogen Ion Concentration 
(pH) 7.40, Electrical Conductivity (EC) 0.24 mmhos/cm, Sodium Bicarbonate 
(NaHC03) 0.51%, Potassium Oxide (K20) 0.18%, Calcium Oxide (CaO) 
3.47%, and Magnesium Oxide (MgO) 2.89% OrganicCarbon (OC) 0.045%. 
The fertility of Alipur Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.004%, Phosphorus (P) 0.055% and Potassium (K) 1.171%. 
12. Badha Soil Series 
The Badha Soil Series covers about 1.4% area of the district and is 
distributed in Bharatpur, Rupbas and Nadbai Tahsils of the district. 
Geologically, the soil of Badha series are developed over Bharatpur Loam 
Deposit. The soils are found as nearly flat to gently sloping flat lands. The 
Badha soil series are excessively drained with moderate permeability and 
suffer from slight to moderate erosion and the soils are non-calcareous. Best 
Kharif and Rabi crops are grown in these soils. 
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The soils of this series are very deep, brown to yellowish brown in color and 
loamy sand to sandy loam in texture. Granulometrically, it comprise sand 
52.00%, silt 34.28% and clay 13.73%. 
The Badha Soil Series has Cation Exchange Capacity (CEC) 11.05%, 
Hydrogen Ion Concentration (pH) 8.45, Electrical Conductivity (EC) 0.16 
mmhos/cm, Sodium Bicarbonate (NaHCO.^ ) 0.30%, Potassium Oxide (K20) 
0.2%, Calcium Oxide (CaO) 6.05%, and Magnesium Oxide (MgO) 5.05%, 
Organic Carbon (OC) 0.24% and Calcium Carbonate (CaC03) 2.81%. 
The fertility of Badha Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.002%, Phosphorus (P) 0.24% and Potassium (K) 0.613%. 
13. Bilang Soil Series 
The Bilang Soil Series covers about 5.8% area of the district and is 
distributed in Pahari, Nagar, Deeg, Kumhar, Bharatpur, and Nadbai Tahsils of 
the district. Geologically, the soil of Badha series are developed over 
Bharatpur Loam Deposit. The soils are found as nearly flat to gently sloping 
flat lands. The Bilang soil series are excessively drained with moderate 
permeability and suffer from slight to severe erosion. The soils are mostly 
under Kharif and Rabi crops. 
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The soils of this series are very deep, yellowish brown to dark brown in color 
and loamy sand to sandy loam in texture. Granulometrieally, it comprise sand 
55.32%, silt 32.92% and clay 11.76%. 
The Bilang Soil Series has Cation Exchange Capacity (CEC) 7.89%, 
Hydrogen Ion Concentration (pH) 7.8, Electrical Conductivity (EC) 0.85 
mmhos/cm, Sodium Bicarbonate (NaHC03) 0.17%, Potassium Oxide (K20) 
0.32%, Calcium Oxide (CaO) 4.03%, and Magnesium Oxide (MgO) 3.37%, 
Organic Carbon (OC) 0.05% and Calcium Carbonate (CaC03) 1.93%. 
The fertility of Bilang Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.004%, Phosphorus (P) 0.045% and Potassium (K) 0.892%. 
14. Birampura Soil Series 
The Birampura Soil Series covers about 2.8% area of the district and is 
spread in Bayana, Bharatpur and Rupbas Tahsils of the district. Geologically, 
the soil of Birampura soil series are developed over Banganga Recent 
Alluvial Formation. The soils are found as nearly flat to gently sloping flood 
plains. The Birampura soil series are excessively drained with rapid 
permeability and suffer from slight to moderate erosion and are strongly 
calcareous in nature. 
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The soils of this series are very deep, dark brown to dark Yellowish brown 
and yellowish brown in color and coarse loamy in texture. Granulometrically, 
it compose sand 76.36%, silt 9.92% and clay 11.72%. 
The Birampura Soil Series has Cation Exchange Capacity (CEC) 16.15%, 
Hydrogen Ion Concentration (pH) 8.4, Electrical Conductivity (EC) 0.19 
mmhos/cm, Sodium Bicarbonate (NaHC03) 8.34%, Potassium Oxide (K20) 
0.42%, Calcium Oxide (CaO) 8.34%, and Magnesium Oxide (MgO) 6.96%, 
Organic Carbon (OC) 0.17% and Calcium Carbonate (CaC03) 1.78%. 
The fertility of Birampura Soil Series in terms of macro-nutrient is Nitrogen 
(N) 0.014%, Phosphorus (P) 0.037% and Potassium (K) 0.613%. 
15. Dhamari Soil Series 
The Dhamari Soil Series covers about 2.8% area of the district and is spread 
in Pahari, Kaman, Nagar, Deeg, Kumher and Weir Tahsils of the district. 
Geologically, the soil of Dhamari soil series are developed over Aligarh Older 
Alluvial Formation. The soils are found as nearly flat to gently sloping plain 
lands. The Dhamari soil series are well drained with moderate permeability 
and suffer from slight to moderate erosion and are calcareous in nature. 
The soils of this series are very deep, dark yellowish brown to dark brown in 
color and fine loamy in texture. Granulometrically, it comprise sand 45.60%, 
silt 35.92% and clay 18.48%. 
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The Dhamari Soil Series has Cation Exchange Capacity (CEC) 26.01%, 
Hydrogen Ion Concentration (pH) 8.2, Electrical Conductivity (EC) 0.56 
mmhos/cm, Sodium Bicarbonate (NaHC03) 1.17%, Potassium Oxide (K20) 
0.32%, Calcium Oxide (CaO) 13.37%, and Magnesium Oxide (MgO) 
11.15%, Organic Carbon (OC) 0.22% and Calcium Carbonate (CaC03) 
0.71%. 
The fertility of Dhamari Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.018%, Phosphorus (P) 0.057% and Potassium (K) 0.45%. 
16. Ghatmika Soil Series 
The Ghatmika Soil Series covers about 1.3% area of the district. 
Geologically, the soil of Ghatmika soil series are developed over Aligarh 
Older Alluvial Formation. The soils are found as nearly flat to gently sloping 
plains. The Ghatmika soil series are poorly drained with low permeability and 
suffer from none to slight erosion and are strongly calcareous in nature. 
The soils of this series are very deep, dark brown to brown in color and fine 
silty in texture. Granulometrically, it comprise sand 31.24%, silt 45.50% and 
clay 23.20%. 
The Ghatmika Soil Series has Cation Exchange Capacity (CEC) 22.27%, 
Hydrogen Ion Concentration (pH) 7.8, Electrical Conductivity (EC) 1.66 
mmhos/cm, Sodium Bicarbonate (NaHC03) 2.00%, Potassium Oxide (K20) 
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0.43%, Calcium Oxide (CaO) 12.49%, and Magnesium Oxide (MgO) 7.35%, 
Organic Carbon (OC) 0.39% and Calcium Carbonate (CaC03) 0.19%. 
The fertility of Ghatmika Soil Series in terms of macro-nutrient is Nitrogen 
(N) 0.032%, Phosphorus (P) 0.048% and Potassium (K) 1.979%. 
17. Hultana Soil Series 
The Hultana Soil Series covers about 10.1% area of the Bharatpur district. 
Geologically, the soil of Hultana soil series are developed over Aligarh Older 
Alluvial Formation. The soils are found as nearly level to very gently sloping 
plain lands. The Hultana soil series are poorly drained with low penneability 
and suffer from none to moderate erosion and are strongly calcareous in 
nature. The soil is under Rabi and Kharif crops. The soils of this series are 
very deep, brown \o dark brownin color and fine silty in texture. 
Granulometrically, it comprise sand 33.60%, silt 34.92% and clay 31.48%. 
The Hultana Soil Series has Cation Exchange Capacity (CEC) 22.27%, 
Hydrogen Ion Concentration (pH) 7.8, Electrical Conductivity (EC) 1.66 
mmhos/cm, Sodium Bicarbonate (NaHC03) 2.0%, Potassium Oxide (K20) 
0.43%, Calcium Oxide (CaO) 12.49% and Magnesium Oxide (MgO) 7.35%, 
Organic Carbon (OC) 0.39% and Calcium Carbonate (CaC03) 0.19%. 
The fertility of Hultana Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.032%, Phosphorus (P) 0.048% and Potassium (K) 0.43%. 
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18. Jasoti Soil Series 
The Jasoti Soil Series covers about 0.3% area of the Bharatpur district and is 
spread in Kaman and Weir Tahsils of the district. Geologically, the soil of 
Jasoti soil series are developed over Aligarh Older Alluvial Formation. The 
soils are found as nearly level to very gently sloping depressional lands. The 
Jasoti soil series are poorly drained with low permeability and surfer from 
slight erosion. 
The soils of this series are very deep, dark grayish brown to olive brown in 
color and fine silty in texture. Granulometrically, it comprise sand 21.84%, 
silt 48.20% and clay 29.96%. 
The Jasoti Soil Series has Cation Exchange Capacity (CEC) 13.77%, 
Hydrogen Ion Concentration (pH) 8.0, Electrical Conductivity (EC) 0.49 
mmhos/cm, Sodium Bicarbonate (NaHCO?) 1.44%, Potassium Oxide (K20) 
0.80%, Calcium Oxide (CaO) 6.29%, and Magnesium Oxide (MgO) 5.24%, 
Organic Carbon (OC) 1.3% and Calcium Carbonate (CaC03) 0.25%. 
The fertility of Jasoti Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.108%, Phosphorus (P) 0.048% and Potassium (K) 3.68%. 
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19. Jotgulab Soil Series 
The Jotgulab Soil Series covers about 0.4% area of the Bharatpur district and 
is spread in Kaman and Weir Tahsils of the district. Geologically, the soil of 
Jasoti soil series are developed over Aligarh Older Alluvial Formation. The 
soils are found as nearly level to very gently sloping depressional lands. The 
Jasoti soil series are poorly drained with low permeability and suffer from 
slight erosion. 
The soils of this series are very deep, dark grayish brown to olive brown in 
color and fine silty in texture. Granulometrically, it comprise sand 21.84%, 
silt 48.20% and clay 29.96%. 
The Jotgulab Soil Series has Cation Exchange Capacity (CEC) 13.77%, 
Hydrogen Ion Concentration (pH) 8.0, Electrical Conductivity (EC) 0.49 
mmhos/cm, Sodium Bicarbonate (NaHCO.O 1.44%, Potassium Oxide (K20) 
0.80%, Calcium Oxide (CaO) 6.29%, and Magnesium Oxide (MgO) 5.24%, 
Organic Carbon (OC) 1.3% and Calcium Carbonate (CaC03) 0 25%. 
The fertility of Jotgulab Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.108%, Phosphorus (P) 0.048% and Potassium (K) 3.68%. 
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20. Kalyanpur Soil Series 
The Kalyanpur Soil Series covers about 29.0% area of the Bharatpur district 
and is distributed in all tahsils of the district. Geologically, the soil of 
Kalyanpur soil series are developed over Bharatpur Loam Deposit. The soils 
occur on burried pediments. The soils of Kalyanpur soil series are imperfectly 
drained with very low permeability and suffer from slight to moderate 
erosion. The soils are calcareous in nature and are under Rabi crops only. The 
soils of this series are very deep, dark brown to very dark brown in color and 
clayey in texture. Granulometrically, the soil of this series comprise sand 
31.28%, silt 29.28% and clay 29.44%. 
The Kalyanpur Soil Series has Cation Exchange Capacity (CEC) 43.49%, 
Hydrogen Ion Concentration (pH) 8.5, Electrical Conductivity (EC) 2.8 
mmhos/cm, Sodium Bicarbonate (NaHCO.O 27.0%, Potassium Oxide (K2O) 
0.29%, Calcium Oxide (CaO) 10.23%, and Magnesium Oxide (MgO) 5.97%, 
Organic Carbon (OC) 0.05% and Calcium Carbonate (CaC03) 1 88%. 
The fertility of Kalyanpur Soil Series in terms of macro-nutrient is Nitrogen 
(N) 0.004%, Phosphorus (P) 0.05% and Potassium (K) 0.945%. 
21. Raman Soil Series 
The Kaman Soil Series covers about 29% area of the Bharatpur district and is 
distributed in all the tahsils of the district. Geologically, the soil of Kaman 
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soil series are developed over Aligarh Older Alluvial Formation. The soils are 
found as nearly flat to gently sloping plains. The soils of Kaman soil series 
are moderately well drained with moderate permeability and suffer from slight 
to moderate erosion. The soils are mostly under Rabi and Kharif crops 
The soils of this series are very deep, dark yellowish brown to brown in color 
and fine loamy in texture. Granulometrically, the soil of this series comprise 
sand 34.32%, silt 49.92% and clay 15.76%. 
The Kaman Soil Series has Cation Exchange Capacity (CEC) 12.26%, 
Hydrogen Ion Concentration (pH) 8.10, Electrical Conductivity (EC) 0.44 
mmhos/cm, Sodium Bicarbonate (NaHCO.s) 0.80%, Potassium Oxide (K20) 
0.26%, Calcium Oxide (CaO) 6.11%, and Magnesium Oxide (MgO) 5.09%, 
Organic Carbon (OC) 0.16% and Calcium Carbonate (CaC03) 0.82%. 
The fertility of Kaman Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.013%, Phosphorus (P) 0.037% and Potassium (K) 1.004%. 
22. Khairari Soil Series 
The Khairari Soil Series covers about 3.5% area of the Baharatpur district 
and is distributed in three tahsils of the district. Geologically, the soil of 
Khairari soil series are developed over Aligarh Older Alluvial Formation. The 
soils are found as nearly level to very gently sloping plains. The soils of 
Khairari soil series are poorly drained with low permeability and suffer from 
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none to slight erosion and are strongly calcareous in nature. They are mostly 
under Rabi crops. 
The soils of this series are very deep, dark yellowish brown in color and 
loamy sand in texture. Granulometrically, the soil of this series comprise sand 
79.0%, silt 10.56% and clay 10.44%. 
The Khairari Soil Series has Cation Exchange Capacity (CEC) 14.49%, 
Hydrogen Ion Concentration (pH) 8.5, Electrical Conductivity (EC) 0.81 
mmhos/cm, Sodium Bicarbonate (NaHC03) 0.17%, Potassium Oxide (K20) 
0.23%, Calcium Oxide (CaO) 7.68%, and Magnesium Oxide (MgO) 6.41%, 
Organic Carbon (OC) 0.21% and Calcium Carbonate (CaC03) 1.02%. 
The fertility of Khairari Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.017%, Phosphorus (P) 0.062% and Potassium (K) 0.781%. 
23. Mandal Soil Series 
The Mandal Soil Series covers about 0.7% area of the Bharatpur district and 
is distributed in Kaman and Rupbas Tahsils of the district. 
Geologically, the soil of Mandal soil series are developed over Aligarh Older 
Alluvial Formation. The soils are found as nearly flat to gently sloping plains. 
The soils of Ghatmika soil series are poorly drained with low permeability 
and suffer from none to slight erosion and are strongly calcareous in nature. 
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The soils of this series are very deep, dark brown to brown in color and fine 
silty in texture. Granulometrically, the soil of this series comprise sand 
31.24%, silt 45.50% and clay 23.20%. 
The Mandal Soil Series has Cation Exchange Capacity (CEC) 21.92%, 
Hydrogen Ion Concentration (pH) 7.65, Electrical Conductivity (EC) 0.45 
mmhos/cm, Sodium Bicarbonate (NaHCO?) 1.13%, Potassium Oxide (K20) 
0.58%, Calcium Oxide (CaO) 10.93%, and Magnesium Oxide (MgO) 9.11%, 
Organic Carbon (OC) 0.28% and Calcium Carbonate (CaC03) 0.09%. 
The fertility of Mandal Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.023%, Phosphorus (P) 0.037% and Potassium (K) 2.091%. 
24. Midyai Soil Series 
The Midyai Soil Series covers about 0.7% area of the Bharatpur district and 
is distributed in Bharatpur and Rupbas Tahsils of the district. Geologically, 
the soil of Midyai soil series are developed over Aligarh Older Alluvial 
Formation. The soils are found as nearly level to moderately sloping 
depressional lands. The soils of Midyai soil series are poorly drained with 
low permeability and suffer from slight to severe erosion and are strongly 
calcareous in nature. The soils of this series are very deep, dark grayish 
brown in color and fine silty in texture. Granulometrically, the soil of this 
series comprise sand 48.28%, silt 40.28% and clay 11.44%. 
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The Midyai Soil Series has Cation Exchange Capacity (CEC) 17.12%, 
Hydrogen Ion Concentration (pH) 8.5, Electrical Conductivity (EC) 1.35 
mmhos/cm, Sodium Bicarbonate (NaHC03) 1.22%, Potassium Oxide (K20) 
0.20%, Calcium Oxide (CaO) 9.42%, and Magnesium Oxide (MgO) 6.28%, 
Organic Carbon (OC) 0.17% and Calcium Carbonate (CaC03) 1.32%. 
The fertility of Midyai Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.014%, Phosphorus (P) 0.021% and Potassium (K) 0.669%. 
25. Mohammadpur Soil Series 
The Mohammadpur Soil Series covers about 0.5% area of the Bharatpur 
district and is distributed in Deeg and Kaman Tahsils of the district. 
Geologically, the soil of Mohammadpur soil series are developed over 
Aligarh Older Alluvial Formation. The soils are found as nearly level to 
gently sloping basin. The soils of Mohammadpur soil series are poorly 
drained with low permeability and suffer from none to slight erosion and are 
calcareous in nature. The soils of this series are very deep, light olive brown 
to dark yellowish brown in color and fine loamy in texture. 
Granulometrically, the soil of this series comprise sand 44.84%, silt 48.20% 
and clay 6.97%. 
The Mohammadpur Soil Series has Cation Exchange Capacity (CEC) 
19.74%, Hydrogen Ion Concentration (pH) 10.2, Electrical Conductivity (EC) 
2.8 mmhos/cm, Sodium Bicarbonate (NaHC03) 10.25%, Potassium Oxide 
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(K20) 0.48%, Calcium Oxide (CaO) 5.07%, and Magnesium Oxide (MgO) 
3.64%, Organic Carbon (OC) 0.23% and Calcium Carbonate (CaC03) 
1.28%. 
The fertility of Mohammadpur Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.019%, Phosphorus (P) 0.062% and Potassium (K) 1.84%. 
26. Murar Soil Series 
The Murar Soil Series covers about 6.8% area of the Bharatpur district and is 
distributed in all the Tahsils of the district. Geologically, the soil of Murar 
soil series are developed over Aligarh Older Alluvial Formation. The soils are 
found as nearly level to moderately sloping basin. The soils of Murar soil 
series are excessively drained with high permeability and suffer from slight to 
severe erosion. The soils of this series are very deep, dark yellowish brown to 
dark brown in color and fine loamy in texture. Granulometrically, the soil of 
this series comprise sand 83.76%, silt 6.92% and clay 9.32%. 
The Murar Soil Senes has Cation Exchange Capacity (CEC) 10.77%, 
Hydrogen Ion Concentration (pH) 7.9, Electrical Conductivity (EC) 0.66 
mmhos/cm, Sodium Bicarbonate (NaHCOs) 1.57%, Potassium Oxide (K20) 
0.25%, Calcium Oxide (CaO) 4.88%, and Magnesium Oxide (MgO) 4.07%, 
Organic Carbon (OC) 0.14% and Calcium Carbonate (CaC03) 0.33%. 
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The fertility of Murar Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.012%, Phosphorus (P) 0.142% and Potassium (K) 1.087%. 
27. Nagla Mai Soil Series 
The Nagla Mai Soil Series covers about 6.6% area of the Bharatpur district 
and is distributed in Bayana, Nadbai and Rupbas Tahsils of the district. 
Geologically, the soil of Nagla Mai soil series are developed over Banganga 
Recent Alluvial Formation The soils are found as nearly level to moderately 
sloping undulating lands and inliers. The soils of Nagla Mai soil senes are 
excessively drained with high permeability and suffer from slight to severe 
erosion. The soils of this series are very deep, dark brown to dark yellowish 
brown in color and sandy in texture. Granulometrically, the soil of this series 
compose sand 81.00%, silt 8.56% and clay 10.44%. 
The Nagla Mai Soil Series has Cation Exchange Capacity (CEC) 14.02%, 
Hydrogen Ion Concentration (pH) 7.55, Electrical Conductivity (EC) 0.16 
mmhos/cm, Sodium Bicarbonate (NaHC03) 0.15%, Potassium Oxide (K20) 
0.37%, Calcium Oxide (CaO) 7.36%, and Magnesium Oxide (MgO) 6.14%, 
Organic Carbon (OC) 0.17% and Calcium Carbonate (CaC03) 0.30%. 
The fertility of Murar Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.016%, Phosphorus (P) 0.149% and Potassium (K) 0.669%. 
28. Palri Soil Series 
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The Palri Soil Series covers about 7.2% area of the Bharatpur district. 
Geologically, the soil of Palri soil series are developed over Aligarh Older 
Alluvial Formation. The soils are found as nearly level to gently sloping plain 
lands. The soils of Palri soil series are moderately drained with moderate 
permeability and suffer from slight to moderate erosion. The soils of this 
senes are very deep, dark brown in color, coarse loamy in texture and are 
non-calcareous in nature. Granulometrically, the soil of this series comprise 
sand 51.76%, silt 29.92% and clay 18.32%. 
The Palri Soil Series has Cation Exchange Capacity (CEC) 10.43%, 
Hydrogen Ion Concentration (pH) 7.5, Electrical Conductivity (EC) 0.31 
mmhos/cm, Sodium Bicarbonate (NaHC03) 0.49%, Potassium Oxide (K20) 
0.51%, Calcium Oxide (CaO) 5.14%, and Magnesium Oxide (MgO) 4.29%, 
Organic Carbon (OC) 0.33% and Calcium Carbonate (CaC03) 0.60%. 
The fertility of Palri Soil Series in terms of macro-nutnent is Nitrogen (N) 
0.028%, Phosphorus (P) 0.051% and Potassium (K) 2.09%. 
29. Pauwa Soil Series 
The Pauwa Soil Senes covers about 7.2% area of the Bharatpur district and is 
found in Bharatpur Tahsil only. Geologically, the soil of Pauwa soil series are 
developed over Aligarh Older Alluvial Formation. The soils are found as 
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nearly level to gently sloping plain lands. The soils of Pauwa soil series are 
moderately well drained with moderate permeability and suffer from slight to 
moderate erosion. The soils of this series are very deep, brown to dark 
yellowish brown in color, coarse loamy in texture and are strongly calcareous 
in nature. Granulometrically, the soil of this series comprise sand 71.08%, silt 
15.28% and clay 13.64%. 
The Pauwa Soil Series has Cation Exchange Capacity (CEC) 17.41%, 
Hydrogen Ion Concentration (pH) 7.65, Electrical Conductivity (EC) 0.59 
mmhos/cm, Sodium Bicarbonate (NaHC03) 1.21%, Potassium Oxide (K :0) 
0.80%, Calcium Oxide (CaO) 8.4%, and Magnesium Oxide (MgO) 7.0%, 
Organic Carbon (OC) 0.17% and Calcium Carbonate (CaC03) 0.55%. 
The fertility of Pauwa Soil Series in tenns of macro-nutrient is Nitrogen (N) 
0.014%, Phosphorus (P) 0.046% and Potassium (K) 2.23%. 
30. Rundh Halak Soil Series 
The Rundh Halak Soil Series covers about 0.5% area of the Bharatpur district 
and is found in Kumher Tahsil only. Geologically, the soil of Rundh Halak 
soil series are developed over Aligarh Older Alluvial Formation. The soils are 
found as nearly level to gently sloping basinal lands. The soils of Rundh 
Halak soil series are moderately well drained with moderate permeability and 
suffer from none to slight erosion. The soils of this series are very deep, 
brown to very dark grayish brown in color, fine loamy in texture and are non-
186 
calcareous in nature. Granulometrically, the soil of this series comprise sand 
32.08%, silt 44.28% and clay 23.64%. 
The Rundh Halak Soil Series has Cation Exchange Capacity (CEC) 12.98%, 
Hydrogen Ion Concentration (pH) 7.3, Electrical Conductivity (EC) 0.29 
mmhos/cm, Sodium Bicarbonate (NaHCO^) 0.45%, Potassium Oxide (K20) 
0.43%, Calcium Oxide (CaO) 6.6%, and Magnesium Oxide (MgO) 5.5%, 
Organic Carbon (OC) 0.21% and Calcium Carbonate (CaC03) 0.31%. 
The fertility of Rundh Halak Soil Series in terms of macro-nutrient is 
Nitrogen (N) 0.018%, Phosphorus (P) 0.303% and Potassium (K) 1.728%. 
31. Ruprail Soil Series 
The Ruprail Soil Series covers about 0.9% area of the Bharatpur district and 
is found in Bharatpur and Pahari Tahsils. Geologically, the soil of Ruprail soil 
series are developed over Aligarh Older Alluvial Formation. The soils are 
found as nearly level to very gently sloping plain lands. The soils of Ruprail 
soil series are moderately to poorly drained with low permeability and suffer 
from slight to moderate erosion. The soils of this series are very deep, very 
dark grayish brown to dark yellowish brown in color, coarse loamy in texture 
and are strongly calcareous in nature. Granulometrically, the soil of this series 
comprise sand 22.24%, silt 45.56% and clay 32.24%. 
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The Ruprail Soil Series has Cation Exchange Capacity (CEC) 48.37%, 
Hydrogen Ion Concentration (pH) 8.05, Electrical Conductivity (EC) 0.4 
mmhos/cm, Sodium Bicarbonate (NaHCO^) 1.08%, Potassium Oxide (K20) 
0.83%, Calcium Oxide (CaO) 25.33%, and Magnesium Oxide (MgO) 
21.13%, Organic Carbon (OC) 0.22% and Calcium Carbonate (CaC03) 
0.61%. 
The fertility of Palri Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.018%, Phosphorus (P) 0.034% and Potassium (K) 2.732%. 
32. Satwari Soil Series 
The Satwari Soil Series covers about 0.2% area of the Bharatpur district and 
is found in Kaman and Nagar Tahsils. Geologically, the soil of Satwari soil 
series are developed over Aligarh Older Alluvial Formation. The soils are 
found as nearly level sloping basinal lands. The soils of Satwari soil series are 
poorly drained with low permeability and suffer from none to slight erosion. 
The soils of this series are very deep, very dark yellowish brown to yellowish 
brown in color, coarse to loamy in texture and are calcareous in nature. 
Granulometncally, the soil of this series comprise sand 33.84%, silt 56.20% 
and clay 9.96%. 
The Satwari Soil Series has Cation Exchange Capacity (CEC) 19.756%, 
Hydrogen Ion Concentration (pH) 9.9, Electrical Conductivity (EC) 3.6 
mmhos/cm, Sodium Bicarbonate (NaHCO?) 5.9%, Potassium Oxide (K20) 
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0.416%, Calcium Oxide (CaO) 10.48%. and Magnesium Oxide (MgO) 
2.96%, Organic Carbon (OC) 0.28% and Calcium Carbonate (CaC03) 
0.76%. The fertility of Satwari Soil Senes in terms of macro-nutrient is 
Nitrogen (N) 0.023%, Phosphorus (P) 0.061% and Potassium (K) 1.533%. 
33. Umrerh Soil Series 
The Umrerh Soil Senes covers about 5.3% area of the Bharatpur distnct and 
is found in Weir, Bayana and Rupbas Tahsils. Geologically, the soil of 
Umrerh soil series are developed over Sita Conglomerate of Delhi 
Supergroup. The soils are found steep hill side slopes. The soils of Umrerh 
soil series are excessively drained with high permeability and suffer from 
severe erosion. The soils of this series are very shallow to shallow, yellowish 
brown in color, coarse loamy in texture and are non-calcareous in nature. 
Granulometrically, the soil of this series compnse sand 55.36%, silt 28.92% 
and clay 15.72%. 
The Umrerh Soil Series has Cation Exchange Capacity (CEC) 11.01%, 
Hydrogen Ion Concentration (pH) 7.5, Electncal Conductivity (EC) 0.28 
mmhos/cm, Sodium Bicarbonate (NaHCO;) 0.69%, Potassium Oxide (K20) 
0.32%, Calcium Oxide (CaO) 5.94%, and Magnesium Oxide (MgO) 4.96%, 
Organic Carbon (OC) 0.29% and Calcium Carbonate (CaC03) 0.28%. 
The fertility of Umrerh Soil Series in terms of macro-nutrient is Nitrogen (N) 
0.023%, Phosphorus (P) 0.061% and Potassium (K) 1.533%. 
CHAPTER - VI 
Groundwater Resources 
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Groundwater Resources 
General Statement 
The area has three major water bearing formations which comprise hard 
rocks, Carbonate rocks (at the base of the Quaternary cover in Bharatpur) and 
unconsolidated Quaternary sediments comprising admixture of silt, clay, sand 
and Kankar. The groundwater in the area is mainly potable, saline and 
brackish groundwater is common in Mathura district in the central part of 
Yamuna basin. 
The aquifer in the area occurs both under pheratic and semi-confined to 
confined conditions, depending upon the presence or absence of aquitard and 
aquiclude as confining beds. The shallow aquifers are pheratic in nature, 
whereas deeper aquifers are semi-confined to confined in nature. 
Rainfall 
The rainfall is the main source of groundwater recharge, the recharge also 
takes place through irrigation return flow and seepage from the canals and 
their distributaries. 
The isohytel map shows that the intensity of the rainfall decreases from east 
to west, the eastern part of the district receives more than 900 mm it gradually 
decreases to 550 mm in the west, proximal to river Yamuna. 
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The annual rainfall data was collected for the area from Aligarh, Mathura and 
Bharatpur which are available for different periods and have been statistically 
analysed. 
The rainfall data from Aligarh rain gauge stations, for the period 1950 -1988 
have been statistically analysed. The results have been tabulated and it was 
observed that the highest rainfall was 1431.8 mm in 1988 and the lowest 69.8 
mm in 1972. Mean annual rainfall in the area is 760.5 mm, standard deviation 
is 297.2 mm and coefficient of variation 39.10. 
The rainfall data for Mathura district were collected for different rain gauge 
stations for the period 1982 - 1992. The analysis of these data shows highest 
rainfall in district was 828.3 mm in 1983, whereas the lowest rainfall was 
409.6 mm in 1986. The Standard deviation and the coefficient of variation are 
121.4 mm and 34% respectively. 
The rainfall data were collected for different rain gauge stations of Bharatpur 
district, Rajasthan for the period 1978 -1987. The data were statistically 
analysed and results tabulated. The highest rainfall recorded was 781.80 mm 
in year 1982 and minimum rainfall recorded was 218.50 mm in 1979. The 
Standard deviation and Coefficient of variation are 204.7 and 30.48 
respectively. 
A critical study of hydrographs indicate that the response of water levels to 
rainfall and drought is resonably quick. The water received by the area of 
recharge, physiographically an upland, is discharged to the low lying areas 
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(causing a maximum decline in water level in the uplands during the months 
of May and June). The low lying areas do not show very prominent response 
to rainfall. This is because the effect of rainfall or drought is compensated in 
these areas by the excessive recharge of shallow aquifers through the seepage 
from unlined canal beds, besides the recharge also take place through 
irrigation return flow etc. 
Aquifer System of the Area 
The subsurface data shows that the area has a mixture of fine sand, clay, silt 
and kankar which, at most of the places, is underlain by clay and kankar upto 
the bed rock (Iqbaluddin,1996d). On the basis of lithology and their 
hydrogeological properties the aquifers of the area can be divided into hard 
rock, carbonate and unconsolidated Quaternary sand and gravel aquifers, on 
the basis of depth to water table aquifers have been delineated into shallow 
and deep aquifers : 
a. Shallow Aquifers 
The aquifer zones occuring within the depth range of 50 meters composing 
mainly of fine sand and kankar, varying in thickness from 3 to 25 meters have 
been grouped as shallow aquifers. These are generally tapped by hand pumps, 
open wells and shallow tubewells. They occur under water-table condition. 
The shalow aquifers appears to be over exploited due to installation of the 
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shallow tube-wells in large numbers with complete disregard to the proper 
well spacing. The cone of depression results in decline of water level and 
render shallow hand pumps and dug wells ineffective for domestic and other 
uses. 
b. Deeper Aquifers 
Deeper aquifers are lying below depth range of 50 meters b.g.l. to the depth 
of the bed rock. The pumping test data shows that these aquifers are semi-
confined to confined in nature (Dutt, 1969). This horizon is suitable for 
development of drinking water supply as it is free from biological and other 
contaminations. The thickness of the aquifer range between 2 - 5 0 meters. 
The transmissivity of the aquifer system ranges between 9.28 m2 per day to 
950 m2 per day. The hydraulic conductivity is 2.55 m/day to 74.26 m/day 
measured at village Shergarh and Nera respectively. (Anon, 1993). The 
evolution of aquifer in the fluvial system depends upon the hydrodynamics of 
the flow regime and topography of the area, leading to terrigenous 
depositional system represented as channel, flood plains, back swamps 
deposits. 
Unconsolidated Formations 
In the greater part of the Aligarh, Mathura and Bharatpur districts, 
groundwater occurs in the unconsolidated Quaternary sediments consisting of 
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fine to medium sand, silt, clay and kankar. The groundwater occur in three 
zones varying from unconfined to confined conditions. The unconsolidated 
formations are further divided into two group of aquifers namely talus and 
scree deposits on mountain fronts and pediments and alluvial and flood plain 
deposits of the plains in parts of Yamuna basin. 
a. Talus and Scree Deposits 
These occur on the flanks of almost all the hills and as cover over the buried 
pediment in the Bharatpur and adjacent parts of Mathura district. These 
deposits form potential aquifers on account of their textural, composition and 
topographic dispositions. Lithologically, these are composed of loess, fine to 
coarse sand, angular pieces of rocks, etc. Topographically, these are situated 
in such a position so as to receive all the run off from the hills. The width of 
tallus and scree deposits along foot hills varies from few meters to over 500 
meters. The talus and scree width is more around the hills which are 
tectomcally affected and disrupted by faulting. Central Ground Water Board 
has carried out exploratory drilling in Toda Bhim and Patoli, which have 
revealed that the thickness of talus and scree deposits varies from 55 to 40 
meters (Mehta and Dhiman, 1980). The few zones where tallus and screi 
deposits form an important water bearing horizons in parts of study area are: 
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i. Toda Bhim - Naind Zone 
ii. Parala - Thakria Zone 
iii. Sandoki - Alipur Zone 
iv. Lidpuri - Zahru Zone 
v. Nangal - Bandawal Zone 
vi. Saepur - Haldina Zone 
vii. Karanpura - Patoli Zone 
viii. Keladevi Zone 
ix. Goverdhan Zone 
X. Barsana Zone 
b. Alluvial and Flood Plain Deposits 
The entire alluvial plain of the basin is considered in this group. These 
deposits generally form undulating to flat plain. These deposits are composed 
of alternate layers of sand, silt and clays. The presence of clay horizon give 
rise to semi-confined to confined aquifers. In the eastern most part of the 
Banganga sub-basin in Bharatpur district, thick clay beds, which are sticky 
and plastic in nature have given rise to artisan conditions. The thickness of 
these alluvial deposits generally increase from west to east, maximum 
thickness of 207 meters is reported in an exploratory bore hole near Kumher 
(Metha and Dhiman). 
In the flood plain deposits, three major aquifers separated by two major 
aquicludes are identified in Yamuna Basin on a regional scale in Aligarh, 
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Mathura and Bhararpur districts. The depth of first aquifer varies from 10 -20 
meters, it is phreatic while the other two aquifers are semi-confined to 
confined in nature. Beyond Mahawal in the eastern part of the basin there are 
only two aquifers. Several river channels, meander scars and other flood plain 
elements are present in the district. 
In the phreatic or water table aquifer, reworked aeolian sands (silt), is the 
main water bearing formation. In the other two aquifers which are semi-
confined in nature, sands and gravels form the main granular zones. Kankar is 
generally encountered at all the levels, which represents an insitu growth of 
calcareous concretions in the Quaternary sediments. 
Confined Aquifers 
The first confined aquifer is present in the central part of the basin and the 
thickness varies from 8 -40 meters. The maximum thickness of 40 meters is 
at Chaksana. Sticky and plastic clays associated with minor kankar overlie 
this confined aquifer. The confined aquifer is sandwitch between clay beds 
thickness of the confining layer varies from 5 -55 meters at super face and the 
under lying layer is also clayey, thickness of which varies from 6 - 70 meters 
at sub face. The second confined aquifer is more prominent in the lower 
reaches of Banganga river basin its thickness varies from 5-90 meters and is 
composed of coarser sediments. Its maximum thickness is observed at 
Uchain. 
1% 
The first confined aquifer sometimes exhibit delayed yield phenomena, which 
was observed at Sikrai, Sikandra, Manpur, Mandawar, Nadbai, Reni and 
Achrol in Bharatpur district, Rajasthan. The phreatic aquifers at places due to 
presence of finer sediments, occasionally behave as semi-confined aquifer 
and this has been observed at Mandawar, Beri, Bhandarej. 
The yield of tube wells tapping either first or second confined aquifer is 
generally over 100 m Vhour. In general the yield of tube well increases from 
northwest to southeast. The highest yield of 200 m /hour is observed in 
Mallah, which is free flowing (Mehta and Dhiman, 1980). The maximum free 
flow of well is recorded at Kumher is 102.8 m3/hour, but the quality of 
groundwater from these free flowing wells is highly saline. The yield of most 
dug wells in unconfined aquifers range from 20 - 300 mVday. But in hard 
rock areas the yield is meagre about 50 mVday. The yield of wells located 
near stream channels and surface water bodies is good. 
The unconsolidated formations consisting of sand, silt and kankar yield from 
50 - 600 m /day. The yield of wells in talus and scree deposits which are 
generally associated with faults is abnormally high, their yield varies from 
300 - 800 mVday. 
Table - 17 presents the yeild of water from different aquifers. 
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Table -17 Yield of water from different aquifer zones 
Aquifer 
Hard Rocks 
a Granites and Gneisses 
b Phyllites, Schists and Quartzites 
c Amphibolite 
Carbonate Rocks 
a Dolomite and Limestones 
Unconsolidated Formations 
a Talus, Scree 
b Sand, Gravel, Kankar, Silt and Cla> 
Yield in mVday 
Max 
200 
150 
350 
600 
800 
600 
Min 
50 
50 
100 
50 
300 
50 
Consolidated Formations 
a. Carbonate Rocks 
Dolomites and Limestones of Delhi Supergroup occur as aquifers around 
Khoa-Dariba-Goverdhanpura, Nimla, Godet and Bhavri areas (Mehta and 
Dhiman, 1980) where the groundwater occur under the unconfined condition. 
These rocks are well jointed. The joints, solution openings and other 
secondary openings store and yield water. Thus they are secondary aquifers. 
The yield of these aquifers is limited and are recharged by runoff and 
percolation of water during rains. 
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The carbonate aquifers reported from Bharatpur possibly represent the calc 
tuffa or Vindhyans north of Great Boundary Fault, which Mehta and Dhiman 
(1980) reported as Delhis. 
b. Other Hard Rocks 
The groundwater occurs in phyllites, quartzites and amphibolites of Delhi 
Supergroup and granite and gneisses of Pre-Delhis, groundwater occurs under 
unconfined conditions in the weathered zones, joints, fractures and other 
secondary openings. The thickness of weathered zone varies from 10 - 30 
meters. These rocks at some places behave as main aquifer. The depth of 
weathering is more in phyllites and gneisses as compared to quartzites and 
amphibolites. 
Water Table Fluctuation 
It is the rise and fall of water level which can also be defined as seasonal 
fluctuation. The rise of water level is due to the recharg and the fall of water 
level is due to discharge. The water level fluctuations are controlled by many-
factors such as : 
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a. Seepage from Canal or other surface water bodies 
b. Recharge through irrigation return flow 
c. Heavy withdrawal of ground water 
d. Evapotranspiration 
e. Effluent and influent nature of river passing through the area. 
The annual water level fluctuation is determined for pre and post monsoon 
primary data of water level. These data are used for the generation of 
fluctuation map of the area (Figs. 16 & 17), show rise in water level within a 
range of 0.1 - 3.25 meters. 
The fluctuation to some extent is also controlled by the lithology of the area. 
Wherever the depth to aquifer is less the fluctuation is higher. The area along 
the canals show less fluctuation because of constant supply of water and 
continous recharge into the aquifer through the unlmed canal beds. 
Ground Water Balance 
Quantification of water resources of a basin in an area involves the 
application of "Principle of conservation of mass" to account for the 
quantitative changes occuring in various components of the hydrologic cycle 
as applied to the basin. The quantitative changes may be expressed in terms 
of water balance equation in which the inflow, outflow and change in storage 
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in a fixed period of time are represented by individual components. The 
equation for the ground water balance can be expressed as : 
I - O = ±8S 
where 
I - Inflow, O - Outflow and 5S is change in storage 
In Mathura district on one hand there is a large scale water logging in canal 
command areas where as in tube well irrigated areas water level show a 
declining trend due to over development. 
The groundwater level in Mathura district indicates that most of the blocks 
show declining trend in water level because of heavy withdrawal and effluent 
nature of river Yamuna, which are indicated by groundwater trough in water 
table contours (Fig. 17). Many of the dug wells in district have gone dry 
indicating that the quantum of groundwater discharge is much higher than the 
amount of the average annual recharge. 
Groundwater mounds are observed in canal command areas due to recharge 
of aquifers through unlined canals and show shallow water table. 
On the basis of utilization percentage following categories have been made. 
a. White : when the utilization is < 65 % 
b. Gray : when the utilization is 65 - 85% 
c. Dark : when the utilization is > 85%. It is also called critical category. 
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The Shallow aquifers in the area are under great strain, which is resulting in 
declining trend of water table (Fig. 17). The only way to avoid the situation of 
depletion of water table deep aquifers should be tapped and canal network be 
used to recharge the upper aquifer. The area is a frontier between the semi-
arid and plain ecosystem. The recharge of the aquifer in the area is desirable 
to provide protection against advancing pre-desertification signals (in form of 
declining trends of shallow aquifers) in the area. 
Depth to Water Table Maps 
The depth to water table maps depict the regional variations of the water level 
with respect to land surface in the district. The water level in the dugwells 
standing under atmospheric pressure are considered accurate enough to 
represent water table in the area. 
Water level data were collected from dug wells of the area and were utilized 
to prepare depth to water level maps. The depth to water level varies from 
less than a meter in Karanpur, Bharatpur district to 32.28 meters b.g.l. in 
wells at Honta, Bharatpur district. This declining trend is because of 
excessive withdrawal of water, while recharge is low in this part of the area. 
The area with the shallow water table is found spatially associated with the 
canal networks. (Fig. 17). In Dhanipur, Bijauli block of Atrauli Talisil, the 
rise in water-table is result of seepage from the lower and Upper Ganga Canal 
networks. In the vicinity of upper Ganga cannal the depth of water level is 
less than 2 meters b.g.l. The area in vicinity of Upper Ganga cannal is water 
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logged and water-table ranges from 2 to 6 meters b.g.l. The Ganga Cannal in 
the area acts as a water divide between the Ganga and Yamuna basins in the 
Aligarh district, in the eastern part of the study area. 
The depth to water level in area around rivers and valleyfills is less, while in 
the foot hill zones, the depth to water level is normally over 5 meters b.g.l. 
The depth to water level in higher zone of hills and plateau is very erratic 
therefore, no definate zone can be demarcated. In the Banganga sub-basin, 
the central part of the sub-basin has generally more than 5 meters depth but 
around Sikrai, Hingwa and Sikandra the depth to water level ranges between 
3 - 5 meters. Around Reni, the depth to water table is between 3-15 meters, 
in lower parts beyond Mahwah, the water level gradually becomes shallower. 
The flow of groundwater is from periphery of the basin to the central part of 
the basin (Figs. 17 & 18). The general groundwater flow is from northwest to 
southeast and follows surface topography. The altitude of water table in the 
area varies from 160.1 meters b.g.l. in the northwest to 222.2 meters b.g.l. in 
the southwest direction above mean sea level. In the Banganga river basin the 
general slope of water table is approximately 1.5 m/km. The slope of water 
table is very high in the foot hills and varies from 3.75 to 5 m/km. In western 
part of the basin along Banganga river the slope of water table is 2.1 m/km, 
while in Central part it is 1.25 m/km, in the eastern part of Aligarh district. 
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Water Table Contour Maps 
The water table contour maps of the area were generated using water level 
data of wells. The altitude of water level with respect to M.S.L. were worked 
out. The disposition of water level in area is between 145 - 202.5 meters 
above M.S.L. The general groundwater flow is in consonance with the 
regional groundwater flow direction of river Yamuna is from NW - SE. 
Divergence of flow lines indicate area of recharge whereas convergence of 
flow lines depicts the discharge area (Fetter, 1980). 
It is observed that the water level was deepest in the month of June because 
of evaporation due to heat and transpiration by plants. The shallow water 
levels were found in the month of November due to recharge through 
precipitation Water level starts rising in the last week of June with the arrival 
of mansoon and attains a shallowest level in November. From mid November 
onwards declining trend in water level is seen which indicate natural 
groundwater discharge through steady sub surface out flow in harmony with 
regional ground water movement. 
CHAPTER - VII 
Geographical Information System 
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Geographical Information System 
General Statement 
To integrate the multidisciplinary information on the geology, 
geomorphology, groundwater and soil into a land system database GIS 
technology has been adopted in the present program. The term GIS stands for 
Geographical Information system. The GIS is considered a tool for effective 
and efficient storage and manipulation of spatial and non-spatial data. It is 
defined as a potential set of tools for collecting, storing, retrieving at will, 
transforming and display spatial data from real world (Burrough,1987). The 
word "geographic" implies that the location of data items are known, or can 
be calculated in terms of geographic co-ordinates, "information" implies that 
the data are organized to yield useful knowledge and word "system" implies 
that it is made up from several linked components with different functions. 
The history of GIS dates back to prehistory when early man charted the 
territory around him and kept mental notes of spatial locations of the objects 
of his need - food, water and shelter. The advent of the cartography, 
development of number theory and emergence of computers contributed to 
the growth of GIS. The advent of computer changed the concept of 
documentation of spatial information into dynamic system. The GIS 
developed through integration of capabilities of the computer technology for 
data base management, graphic representation and spatial analysis. 
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The early GIS focused on processing attribute data and their geographic 
analysis, the graphic capabilities were rudimentary. In 1970s the GIS function 
in pilot and demonstration mode. The GIS uses in 1980s were in Application 
mode. The linkage of data bases to graphics was a major development (Anon, 
1988). The development of the interface devices and software's facilitated 
online linkages between data bases to facilitate the concept of distributed data 
bases networking. The development of metadata has operationalized the GIS 
(Medyckyj-Scott et al., 1996). In India GIS concept has remained in R&D 
mode, NRDMS, NRIS (NNRMS) and IRDP have attempted to integrate the 
data bases in spatial information system for development (Fig. 19). 
A brief introduction to coniponents of GIS, Database structure and Data 
structure in GIS have been discussed. The present program has attempted 
GIS for Land System Studies in parts of Yamuna Basin. The MGE (Modular 
GIS Environment) Software was used. 
The Components of GIS 
The components of Geographical Information System are Computer 
hardware, software and a proper organizational set-up, required for optimal 
functioning of the system. 
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Computer Hardware 
The desired computer hardware shall include a computer, printer, digitizer, 
plotter, etc. A high speed computer is desired with color monitor, it should 
have large disk storage space so as to store the data and images. The inter 
computer communication can also be made through modem. A digitizer is 
used to convert the analogue map into a digital map. Plotter is used to present 
results of the data processing (Fig. 20). 
GIS software modules 
The software package for a GIS consists of five basic technical modules. 
(Fig. 21). These basic modules are sub-systems for the following operations : 
a. Data input and verification 
b. Data storage and database management 
c. Data output and presentation 
d. Data transformation 
e. Interaction with the user 
a. Data input and Verification 
Covers all aspects of transforming data captured from existing maps, field 
observations and sensors (including aerial photography, satellites and 
recording instruments) into a computer compatible digital form. A wide range 
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of interactive terminal, digitizer, scanners and the devices necessary for 
recording data already written on magnetic media such as tapes, drums and 
disks are used as input devices. Figure 22 shows the main input components. 
b. Data storage and database management 
It concerns the way in which the data about the position, linkages (topology) 
and attributes of geographical elements such as points, lines and areas are 
structured and organized both in respect to the way they must be handled in 
the computer and how they are perceived by the users of the systems. The 
computer program used to organize the database is known as Database 
Management System (DBMS). 
c. Data output and presentation 
It concerns the way the data are displayed and the results of analyses are 
reported to the users. Data may be presented as maps, tables and figures 
(graphs and charts) as ephemeral image on a visual display unit, hard copy 
outputs drawn on printer or plotter or information recorded on magnetic 
media in digital form. (Fig. 23). 
d. Data transformation 
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Embraces two classes of operation, namely (i) Transformation needs to 
remove errors from the data sets and (ii) the methods that can be applied to 
the data in order to achieve answers to the querries asked for G1S. 
Transformation can operate on spatial and non-spatial aspect of the data, 
either separately or in combination. 
e. Interaction with the user 
The last module in the list for geographical information systems mentioned 
above, that of interaction with the user - query input - is absolutely essential 
for acceptance and use of any information system. Certainly this is an aspect 
which deserves much attention. The widespread introduction of PC's and 
programs that are operated by commands chosen from a menu (a list), or that 
are initiated by a response to be requested in (an English - like) command 
language Standard Query Language (SQL)of verbs, nouns and modifiers has 
broken down the barriers. 
Data, Data Base and Database Structures 
Data is the basic input, from which information system is developed. The data 
are organized into records and files, which constitute the database. 
Database is a collection of data that can be shared by different users. It is a 
group of records and files that are organized to minimize the redundancy. 
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Database structures consists of data in many files, in order to access data 
from one or more files easily, it is necessary to have some kind of database 
structure. The commonly used data models in GIS applications are 
Hierarchical, Network and Relational data structures (Fig. 24). The 
development of multi-disciplinary approach in GIS has necessitated 
development of metadata (Medyckyj-Scott et al., 1996) which provides data 
about the data for GIS applications. 
Hierarchical Data Structure 
The data in this structure have one to many relation as soil series within a soil 
family, hierarchical method provide quick and convenient means of data 
access. This data structure assumes that each part of the hierarchy can be 
reached using a discriminating criterion (Key) that fully describes the 
structure. (Fig. 2 > a) 
The advantage of hierarchical system is that they are easy to understand, 
update and expand. Data access via the keys is easy. This structure is very 
good for data retrieval if the structure of all possible queries can be known 
beforehand. This is commonly the case in bibliographic, bank or airline 
retrieval systems. 
The disadvantages of this database structure are that large index files are to 
be maintained and certain attributes are to be repeated, leading to data 
redundancy thus increasing the storage and access costs. 
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Network Database Structures 
In this database structure unlike the hierarchical system where travel within 
the database is restricted to the paths up and down the taxonomic pathways, 
the linkages are direct and many, m:n linkages. This database structure is 
used when a rapid linkage is required especially in data structure for graphic 
features where adjacent items in the map or figure need to be linked together 
even if the actual data about their co-ordinates may be written in different part 
of database. Each entity set with its attribute is considered to be a node in the 
network. (Fig. 25 b). 
The network data base for simple structure is easy to develop but is far more 
difficult for complex structures. The main disadvantage of this structure is 
that this does not allow links between records of the same type. The Network 
database structure is more flexible than hierarcliical database structure for 
handling complex spatial relationships. 
Relational Database Structures 
This is the most popular and flexible structure for GIS. In this type of 
Database Management Structure, data are organized in two dimensional 
tables. These table are easy to develop and understand. This structure is 
called as relational structure as each table represents a relation. The Columns 
are homogeneous, all items are of the same field. Each column is assigned a 
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distinct name. Each row has a distinct identifier. Duplicate rows are not 
allowed. Both the columns and rows can be viewed in any sequence at any 
time without affecting the information content of the table. 
Since different users see different data and different relationship between 
them, it is necessary to extract subsets of the table columns for some users 
and to join tables together for others to form large tables. The mathematics 
provides the basis for extracting some columns from the tables and for joining 
various columns. This capability is normally not available in hierarchical or 
network database structures. Each entity set is represented by relations of 
rows and columns in the form of tables, while each row or tuple in the table 
represents the data for an individual entity. Each column holds data on one of 
the attributes of the entire set. Since the relationships between entities are 
directly represented as tables, there is no need for linkages or pointers 
between the data records. 
The important feature of relational databases are: 
• Primary key An attribute in the data set of a row which is unique and serve 
as address is termed Key. When there are more than one keys then one is 
designated as primary key and others are secondary keys. 
• Relational Joins It is the mechanism of linking data in different tables. In 
this the value in column or columns in one table are matched with values 
in columns in second table and second table can be matched with 
corresponding columns in third table and so on until the necessary data 
from the requisite number of tables have been retrieved. Matching is 
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frequently based on primary key in one table linked to column in the 
second which is termed as a foreign key. 
• Normal Forms Certain amount of redundancy in data is implicit as the join 
mechanism matches the column values between tables. Without careful 
design unnecessary redundancy may be introduced into the database. A 
relational model with different values in every row and column position, is 
said to be normalized. There are two models for a relational database to be 
normalized: 
a. All the tables should have rows and columns which have no repetition of 
data. 
b. Every column must be fully dependent on the primary key. 
The advantages of relational database system are : 
i. Rigorous design methodology based on sound mathematical formulations. 
ii. All the other database structures can be reduced to a set of relational 
tables, which is the most general form of data representation, 
iii. Ease of use, implementation, modification and flexibility compared to 
other types of data models and powerful query language facilities, makes it 
widely acceptable for GIS applications. 
The disadvantages of relational database system are : 
In a multi-user environment requirement for processing resources is increased 
and queries involving multiple relational joins may give slower response than 
desirable. However indexing can solve the problem of slow response. 
Availability of faster computers have solved this problem to a large extent. 
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Relational Database Management System 
A RDBMS provides a set of more or less flexible and sophisticated tools for 
handling information and perform the following functions : 
a. Define a database 
b. Query a database 
c. Add, edit and delete data 
d. Modify the structure of the database 
e. Secure data from public access 
f. Communicate within networks 
g. Export and import data 
Data Structure in GIS 
There are two fundamental ways of representing the data. There are Raster 
representation and Vector representation. 
Raster representation 
In this type of representation of the geographical data, a set of cells located 
by the co-ordinates are used, each cell is independently addressed with value 
of an attribute. 
The Raster Data Structure 
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The simplest raster data structure consists of an array of grid cells. Each grid 
cell is referenced by a row and column number and contains a number 
representing the type or value of attribute being mapped. In raster structure a 
point is represented as a single grid cell; a line by a number of neighboring 
cells strung out in given direction and an area by an agglomeration of 
neighbonng cells (Fig. 26). Since each cell in a two dimensional array can 
only hold one number, different geographical attributes must be represented 
by separate sets of Cartesian arrays, known as overlays. In its simplest form, 
the overlay concept is realized in raster data structures by stacking two 
dimensional arrays, thus resulting in three dimensional structure. 
The advantage of raster data structures are: 
a. Data structure is simple. 
b. The overlay combination of mapped data with remotely sensed data is 
easy. 
c. Various kinds of spatial analyses are easy. 
d. Simulation is easy because each spatial unit has same size and shape. 
e. The technology is cheap. 
Disadvantage of raster data structures are: 
a. Volume of graphic data is enormous. 
b. The use of large cells to reduce data volumes means that ph 
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enomenologically recognisable structures can be lost and this may lead to 
loss in information. 
c. The output maps are burden with in-built cartographic error and 
boundaries are hatched. 
d. Network linkages are difficult to establish. 
e. Projection transformation are time consuming. 
Vector Representation 
The three main geographical entities are points, lines and areas. The cells grid 
in raster representation are replaced by the points in vector representation. 
Lines and areas are set of interconnected co-ordinates that can be linked to 
given attributes. 
The Vector Data Structure provides representation of an object as exactly as 
possible. The co-ordinate space is assumed to be continuous, not quantized as 
with raster space, allowing all positions, lengths and dimensions to be defined 
precisely. 
The Point entities can be considered to embrace all geographical and 
graphical entities that are positioned by single XY co-ordinate pair. Besides 
the XY co-ordinates, other attribute data must be stored to indicate what kind 
of point it is and the information associated with it. 
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The Line entities can be defined as linear features built up of straight line 
segments made up of two or more co-ordinates. The simplest line required the 
storage of two XY co-ordinates, an origin point and end point. An arc or 
chain or string is a set of n number of XY co-ordinates pair describing a 
continuous complex line. The chains can be stored with data records 
indicating the type of display line symbols to be used. 
The Area entities or polygons can be represented in various ways in a vector 
database. The simplest way of representing a polygon is in form of extension 
of the simple chain. The names or symbols used to define each polygon are 
entered as a set of simple text entities. 
The limitations of vector representation are : 
a. Line between adjacent polygon must be digitized and stored twice. 
b. There is no neighbourhood information. 
c. Islands are impossible except as purely graphical constructions. 
d. There is no easy way to check if the topology of the boundary is correct or 
burdened with dead ends or topological^ inaccessible loops/weird 
polygons etc. 
The vector data structure is useful for archiving phenomenologically 
structured data and for network analyses. 
The vector data structure is used when high quality results in terms of line 
drawings, etc. are desired. The combination of both vector and raster are used 
for plotting high quality lines in combination with efficient area filling in 
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color, the lines are held in vector format and the attributes in compact raster 
structures. 
The raster and vector methods of data representation are distinctly different 
approaches for modelling geographical information. The raster and vector 
data are valid methods for representing spatial data and both structures are 
interconvertiable. The conversion from vector to raster is simplest and there 
are many well known algorithms, performed automatically in many display 
screens by inbuilt microprocessors. The raster to vector conversion is also 
possible but is much complex operation and is complicated by need to reduce 
the number of co-ordinates in the resulting lines by weeding. 
Software Used for Digital Image Processing and GIS 
In the present study to overcome the deficiencies of vector based GIS 
(Arclnfo) and raster based GIS (ILWIS), MGE (Intergraph) has been 
adopted. 
The Modular GIS Environment (MGE) software has both the vector and 
raster capabilities. Besides, it is having Digital Image Processing (DIP) 
capabilities. 
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The modules of MGE software are: 
MGE Basic Nucleus 
MGE Base Mapper 
MGE Basic Administrator 
MGE ASCII Loader 
MGE Grid Analyst 
MGE Terrain Analyst 
MGE Map Finisher 
MGE Image Translator 
MGE Base Imager 
MGE Advance Imager 
The MGE Basic Nucleus 
It provides a single, consistent entry point for accessing MGE project data, 
various GIS software routines and other application products. It offers project 
management, co-ordinate system operations, data query and access and 
multiple configuration options as an efficient, affordable GIS baseline. 
The MGE Basic Nucleus is foundation of all applications in the MGE 
Software applications and ensure compliance and integration of all MGE 
applications. 
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The MGE Base Mapper 
It provides tools for capturing and managing GIS project data in lntergraph's 
Modular GIS Environment. The MGE Base Mapper includes both interactive 
and batch tools for data entry, cleaning and manipulation. The module allows 
users to locate and edit attribute information through interactive query on 
graphics elements representing features and provide easy to use utilities for 
feature creation and symbol modification. 
The MGE Basic Administrator 
This module provides project and database management tools that link the 
Intergraph Modular GIS Environment to a relational database. It provides 
project definition and maintenance tools for defining database schema's, map 
categories, features and attribute tables. 
The MGE Grid Analyst 
MGE Grid Analyst provide capabilities for creation, query, analysis and 
display of topologically structured geographical data. It is a powerful spatial 
analysis tool for building topological modules and querying the relationship 
between geographic features. The MGE Grid Analyst provide facility for 
building the topology automatically from map features and attributes then 
perform sophisticated query on the results. It can create spatial queries, create 
buffer zones around features, remove common boundaries between features 
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and create thematic displays of the results of many queries of multiple 
topological files. 
The MGE Terrain Analyst 
The MGE Terrain Analyst is used to manage three-dimensional surface 
features. It uses both TIN and Grid data formats to produce vector and raster 
outputs. Map projection and co-ordinate systems are built into every surface 
module. It gives a complete 3-D Is analysis solution. Terrain Analyst has an 
intuitive, easy to use graphical interface as well as a complementary set of 
command line function for creating and manipulating digital terrain model 
data on disk. 
MGE ASCII Loader 
The MGE ASCII Loader is a tool for loading and unloading ASCII data into 
MGE project fonnat. Applications include loading survey data, GPS or 
maritime point data, digital terrain data, etc. The MGE ASCII Loader accepts 
ASCII files containing co-ordinates for vector geometry and associated 
attribute information. 
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The MGE Map Finisher 
It provides features based map composition and symbolization for screen 
display and color plots. The MGE Map Finisher provides symbolization and 
data re-organization capabilities so that user defined features representation 
may be generated for plotting. To create hardcopy plots Intergraph's 1/Plot 
software may be used to plot to any number of devices including thermal, 
inkjet, electrostatic and pen plotters. 
The MGE Image Translator 
The MGE Image Translator provide automatic access to the most commonly 
used satellite and aerial photograph image formats which are commercially 
available. It provide an option for reading and writing generically formatted 
data, as well as utilities for renaming and copying tapes. All the functions are 
supported by user friendly Window interface. It provides image input and 
translation of SPOT, SPOTVIEW, AVHRR, ERS, EOSAT and USGS data. 
Besides these, it can access all the data in BIL, BIP, BSQ and TIFF formats. 
Image Translator is a beneficial product for GIS, remote sensing image 
mapping and photogrammetric specialists having a requirement to convert 
raw data from different agencies selling the data into widely accepted 
formats 
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The MGE Base Imager 
This is a basic level desktop image processing tool providing facilities of 
image display, enhancement and manipulation. MGE Base Imager is suitable 
to meet the demands of intensive image mapping and cartographic production 
environments. It provides sophisticated gray scale image processing and color 
image display for a variety of image oriented applications. 
The MGE Advanced Imager 
The MGE Advanced Imager is a fully functional multispectral Image 
Processing environment. It is having the capabilities for training, classification 
and post classification routines besides full set of enhancement tools. MGE 
Advanced Imager includes a set of advanced functions for gray scale image 
processing; including Fourier transformation and filtering; noise reduction, 
filters and texture processing for radar and multi-spectral imagery and 
complex logical operations. All the image enhancement, analysis and display 
features are having user friendly windows interface and are supported with 
associated command line options for better processing. 
Microsoft Windows NT 
It the Operating System used to run the MGE softwares. Windows NT is a 
32-bit operating system, which offers multitasking, multiprocessing and 
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multithreading features. The architecture of Windows NT is designed to offer 
the most reliable desktop environment. Windows NT is designed to offer the 
best networking support and applications compatibility while protecting data 
with full security in heterogeneous environment. Windows NT offers long 
term vision, it is highly responsive, scaleable and portable. 
Microstation 95 
Microstation 95 is a very powerful CAD software. The Microstation is a 
common Cad engine for total integration among CAD, G1S and Image 
Processing software's. It provide graphic foundation for all MGE application 
softwares. It adds further to the existing capabilities of any CAD software, it 
is faster, gives superior production tools and allow to customize working 
environment to match the CAD requirement of user's decipline. 
The Sybase SQL Server 
The Sybase Standard Query Language is used as a GIS database management 
tool. It creates geographical features with intelligent database linkages. SQL 
database tool helps to update and maintain existing data and incorporate new 
data, while ensuring data security and integrity. SQL query perform multi-
theme spatial analysis and query. Query results are viewed as a report from 
the database or as a graphic display with user-specified symbolization. 
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The work flow in MGE Software is: 
Creating directory 
Creating Schema 
Locating and Activating Schema 
Creating Project 
Defining MCSO working units and Registration of maps 
Digitization of maps 
Feature building 
Map Cleaning 
Graphic processing 
Attribute Processing 
Non-spatial data entry 
Building a topological file 
Creating query set 
Query display 
Overlay analysis, etc. 
The procedure adopted during the present study is described 
as under: 
Creating directory The directory is to be created while starting Microstation, 
open the directory menu in the Microstation menu by clicking the mouse 
button on it and enter the name for new directory in the directory field. 
Create Schema For creating Schema the command to be followed in 
sequence are MGE > Utilities > RIS Schema Manager > Schema definition > 
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Create Schema > Schema Name > Get Client Address > Define project 
directory > OS Type > Database name > DBMS location > OS Username > 
Apply. Schema Created > Close. 
Locating and Activating Schema Show Client Location > Locate Client > 
Click local > Apply > Client located successfully > Close. 
Show Schema File Location > Locate Schema File > Enter file name > Apply 
> Schema File located successfully > Cancel. 
Creating Project MGE > File > New Project 
Enter working directory press TAB 
Applications > associate applications which are required for 
the project > OK. 
Defining MCSO working units and Registration of map 
Microstation > Applications > MCSO > File > Co-ordinate System > Primary 
> Define Projection System > Define Parameters - Latitude of origin; 
Longitude of origin > Define the Geodetic datum 
MCSO > File > Working Units > Map scale > OK. 
Microstation > Main Palette choose Place Active Point and Change elements 
Attribute (Color and Weight). 
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Microstation > Applications > MCSO > Keyin > Primary > Geographic Enter 
latitude and longitude (co-ordinates) of tic points. 
Microstation > Settings > Tablet > Partition define the limit of the map > OK. 
Microstation > Settings > Digitizing > Set-up > Use digitizer cursor first 
button > Click at tic point 1 > Tic at corresponding point on the screen and 
similarly all four tic points will be referenced. 
Then the digitizer cursor will be bought in the area bounded by 4 tic points 
and button number 2 of the digitizer will be clicked. The level of error will be 
displayed and if it is < 1.0 then accept. 
Close Digitizing tablet window. 
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Fig. 19 . Geographical Information Systems are the result of linking parallel 
developments in many separate data processing disciplines. 
Digitizer Disk Drive 
CPU 
Plotter Tape Drive 
Visual Display Unit 
Fig.20. The major Hardware components of a Geographical Information System 
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Fig. 21 The Main Software Components of a Geographical Information System 
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TERRAIN MAPPING UNITS 
General Statement 
The Natural Resource Data Base created for various files on geology, 
geomorphology, wastelands, ground water, soil, etc. have facilitated the 
synoptic viewing of the district into Terrain Mapping Units which constitute 
geographically homogeneous natural entities. The conventional approach for 
GIS in India try to map out area for planning and development on the basis of 
co-ordinates or village boundaries etc. which are artificial and man made. 
Hence, the area development is burden with artificial fences. The methodology 
of Terrain Mapping Units (TMUs) based on natural geographic boundaries 
will help in planning agricultural inputs for developmental needs of a basically 
agro-economic eco-system like Bharatpur. 
Conventional methodology of inputs on the basis of tahsil and district will 
require to be changed, at the mciro-level individual TMU requires separate 
treatment by way of agricultural inputs in terms of seed, fertilizer and 
irrigation inputs for optimum outputs. 
The concept of spatial data was introduced in India through NRDMS, National 
NNRMS and NICNET (Anon, 1983, Khan and Qureshy, 1983; DISNIC 
Highlights: DISNIC Handbook and Anon, 1989; Iqbaluddin,1992). The data 
bases were created using GIS technology, where the Natural Resources 
Informatics were graphically transferred in relation to geographic coordinates 
in terms of Grid Cells (Khan and Qureshy, 1983). In order to meet the spatial 
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requirements of micro-level planning later attempts developed spatial 
information system in polygonal mode with village as a unit for Natural 
Resources Informatics. Most of the attempts made for GIS taking grid cell co-
ordinates or village boundaries as a basis for geographic display of spatial data 
are burden with artificial boundaries, which are cultural and arbitrary. To 
generate scenarios to assist decision makers, planners and common farmers, in 
an ecosystem, it is desirable the area be looked in terms of natural geographic 
entities characterized by homogeneity of lithology, soil, moisture, drainage 
characteristics of micro-watersheds, etc. So that inputs in terms of seed, 
fertilizers, irrigation, etc. are planned for optimum outputs. 
For Natural Resources Informatics in Bharatpur district the concept of TMU 
has been adopted. Unlike the grid cells of conventional GIS, the TMUs are 
natural entities characterized by homogeneity of lithology, soil types, 
groundwater conditions, slope characteristics and uniformity of landforms. 
Thus the land system management for agriculture, forestry, etc in the district 
will be environmentally compatible,if the TMUs are developed as management 
unit for deciding agricultural inputs and practices instead of district, tahsil or 
village which have artificial boundaries (Saif ud din, et.al., 1998). 
In Bharatpur district, the areas with similar geo-environmental conditions were 
mapped into separate zones or units through registration of overlays of 
different themes, natural geographic boundaries, characterized by homogeneity 
of lithology, soil, groundwater and geomorphology were mapped as Terrain 
Mapping Units. The above themes are important as they have crucial role in 
the pedogenic process of the land-system of the area. 
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Methodology 
The Natural Resources data in the country are present either in the Vector or 
Raster mode in the forms of reports, maps, statistics and space data products, 
were integrated and registered, and various over lays were prepared 
depicting areas of homogeneity of landforms (Fig. 29), groundwater 
conditions (Fig. 27) and soil types (Fig. 28). The lithology has been 
eliminated as constrain for TMU categorization, due to the fact that the soil in 
the area is generally transported, insitu soils are developed in the hilly terrain. 
The landform overlay has provided coverage for hard rocks contribution to 
soil characteristics and the kindred relationship of lithology, geomorphology 
and soils in TMU classification. However for finer tuning of the TMU's, that 
is with resolution of individual land-holdings, the overlaying of geological 
formations may be essential. The data base with village level resolution has 
been found to be well constrained by landforms overlay, which reflect the 
lithology of the area in the TMU classification in the present study. 
The areas of homogeneity of geomorphology, soil texture and depth to water 
table for Bharatpur district, were delineated as TMUs. The final map of TMU 
was prepared by giving various symbols to each unit (Fig. 30). 
Classification and Description of Terrain Mapping Units 
The Bharatpur district has 10 tahsils, comprising 1454 villages which are 
represented by thirty TMU's (Fig. 30). To facilitate description, these have 
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been designated as TMU-1, TMU-2, etc. using alpha-numeric code of 
nomenclature. (Table -18). 
TABLE - 18 Classification of Terrain Mapping Units of Bharatpur District 
Categorv ofTMU; 
TMU- 1 ! 
TMU-2 1 
TMU -3 
TMU-4 ^ 
TMU - 5 
TMU - 6 
_TMU-7l _ ^ 
TMU-8 
TMU-9 
TMU-10 
TMU - 11 
TMU-12 
TMU-11 
TMU-14 
TMU - 15
 r. 
TMU - 16 
TMU - 17 
TMU- 18 
TMU-19 
TMU -20 
TMU - 21 7^ 
TMU - 22 
TMU-23 
TMU-24 
TMU-J5 ; 
TMU-26 
TMU - 27 
TMU-~28 | 
TMU-29 
TMU ^ 30 i 
Geomorphic Unit Groundwater condition: 
H DWT | 
VP ^ DWT ! 
VP ' DWT 
VP SWT 
V? " SWT : 
VP DWT 
"". VP I I_~_SWt ... . 
OAP DWT 
OAP DWT 
OAP SWT 
OAP DWT 
OAP SWT 
OAP DWT 
RFP DWT 
RFP SWT 
RFP DWT 
RFP SWT 
BP DWT 
BP SWT 
B P D W T 
BP Z m SWT _[ 
EV DWT 
PC DWT 
PC DWT 
PC __. SWT
 : 
OAP SWT 
H DWT 
H " SWT 
EV DWT 
BP " ^ DWT 
Soil T\pe (texture) 
SL 
SL 
LS 
SL 
L 
L 
QL 
SL 
L 
L 
SIL 
SIL 
CL 
LS 
LS 
SL 
SL 
SL 
SL 
L 
L "_' "'' 
LS 
SL 
L 
L 
SL 
LS 
LS 
H 
LS 
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H = Hills/Ridges, VP = Vindhyan Plateau, OAP - Older Alluvial Plain, RFP 
= Recent Alluvial Plain, BP = Buried Pediment, EV = Erosional Valley, PC = 
Paleochannel, DWT - Deep water-table (> 4m b.g.l.), SWT = Shallow water-
table (<4 m b.g.l.) LS = Loamy Sand, SL = Sandy Loam, L = Loam, SIL = 
Silt Loam, CL = Clay Loam. 
The description of these TMU's is as follows: 
TMU -1 (H + DWT + SL) 
The TMU - 1 comprise Hills and Ridges of Bharatpur district is associated 
with Hogback and Cuesta of Delhi Supergroup. This is characterized by deep 
water-table and moderate to very steep slope. The unit has sandy loam soil 
texture and is a member of coarse loamy, mixed hyperthermic family of Lithic 
Ustorthents of Entisols Order. The soils of this unit are non-calcareous, 
excessively drained with high permeability and suffer from severe erosion, 
and are mostly under bushes and shrubs forest. 
The soils of this unit are very shallow, yellowish to dark reddish brown in 
colour and gravelly sandy loam in texture, comprising sand 70.0% silt 20.0% 
and clay 10.0%. It has organic carbon (OC) 0.045% hydrogen ion 
concentration (pH) 7.4 and electrical conductivity (EC) 0.24 mmhos/cm. The 
fertility in terms of macronutrients is nitrogen (N) 0.004%, phosphorus (P) 
0.055% and potassium (k) 1.171%. The soils of this unit have exchangeable 
bases like calcium (Ca**) 3.47 me/1 OOg, magnesium (Mg**) 2.89 me/JOOg, 
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sodium (Na+) 0.51 me/lOOg and potassium (K+) 0.18 me/lOOg. It has cation 
exchange capacity (CEC) 7.05 me/lOOg. 
The soils of TMU - 1 can be used for limited grazing, wildlife and forestry. 
The lands of this unit are not suitable for irrigation due to soil (shallow) and 
topography (moderate to steep slope) limitations. 
TMU - 2 (VP + DWT + SL) 
The TMU - 2 comprise Vindhyan Plateau, deep water-table and sandy loam 
in Bharatpur district. The unit has gentle to moderate slopes and suffer from 
moderate to severe erosion. The soils of this unit are member of coarse loamy 
mixed hyperthermic family of Lithic Ustorthents of Entisols Order. It is non-
calcareous, excessively drained with high permeability and deep water-table 
and the landcover is mostly under bushes and grazing lands. 
The soils of the TMU - 2 are shallow, yellowish brown in colour and sandy 
loam in texture. Granulometrically, the surface soil of this unit comprise sand 
55.36%, silt 28.92%, and clay 15.72%. It has organic carbon (OC) 0.29% 
calcium carbonate (CaCC^) 0.28%, hydrogen ion concentration (pH) 7.5 and 
electrical conductivity (EC) 0.28 mmhos/cm. The fertility in terms of 
macronutrients is nitrogen (N) 0.024%, phosphorus (P) 0.049% and 
potassium (K) 0.78%. It has exchangeable bases like calcium (Ca"^) 5.94 
me/lOOg, magnesium (Mg**) 4.96me/100g sodium (Na+) 0.69 me/lOOg, and 
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potassium (K ) 0.32me/100g and cation exchange capacity (CEC) 11.01 
me/1 OOg. 
The soils of TMU - 2 can be used for moderate grazing,wildlife and forestry. 
TMU - 3 ( VP + DWT + LS) 
The TMU - 3 comprise Vindhyan Plateau, deep water-table and loamy sand 
in Bharatpur district. The unit is nearly level to very gently sloping, and suffer 
from severe erosion. It is a member of coarse loamy mixed hyperthermic 
family of Typic Ustipsamments of Entisols Order. The soils of this unit are 
excessively drained with rapid permeability and deep water-table and mostly 
support grazing lands. 
The soils of the TMU - 3 are very deep dark to yellowishbrown in colour and 
loamy sand in texture.Granulometrically, the surface soil of this unit 
comprisesand 79.0%, silt 10.56% and clay 10.44%. It has organiccarbon 
(OC) 0.21% calcium carbonate (CaCOs) 1.02%, hydrogen ion concentration 
(pH) 8.5 and electrical conductivity (EC) 0.18 mmhos/cm. The fertility in 
terms of macronutrients is nitrogen (N) 0.017%, phosphorus (P) 0.062% and 
potassium (K) 0.781%. It has exchangeable bases like calcium (Ca^) 7.68 
me/1 OOg, magnesium (Mg"^) 6.41 me/1 OOg sodium (Na+) 0.17 me/1 OOg, 
potassium (K+) 0.23 me/1 OOg and cation exchange capacity (CEC) 14.49 
me/1 OOg. The soils of this unit can be used for moderate grazing, wildlife and 
forestry. 
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TMU - 4 ( VP + SWT + SL) 
The TMU - 4 comprise Vindhyan Plateau, shallow water-table and sandy 
loam is in Rupbas tashil of Bharatpur district. It occur on nearly level to 
moderately sloping, lands and suffer from slight to severe erosion. It is a 
member of coarse loamy mixed hyperthermic family of Typic Ustochrepts of 
Inceptisols Order. The soils of this unit are calcareous, poorly drained with 
low permeability and mostly under Rabi crops. 
The soils of the TMU - 4 are very deep, grayish brown in colour and sandy 
loam in texture. Granulometrically, the surface soil of this unit comprise sand 
71.00%, silt 15.00% and clay 14.00%. It has organic carbon (OC) 0.17% 
calcium carbonate (CaCCh) 0.55% hydrogen ion concentration (pH) 8.0 and 
electrical conductivity (EC) 1.30 mmhos/cm. The fertility in terms of 
macronutrients is nitrogen (N) 0.014%, phosphorus (P) 0.040% and 
potassium (K) 2.02%. It has exchangeable bases like calcium (Ca^) 8.5 
me/lOOg, magnesium (Mg4^) 6.5 me/lOOg sodium (Na+) 1.20 me/lOOg, 
potassium (K+) 0.75 me/lOOg and cation exchange capacity (CEC) 16.95 
me/lOOg. 
The TMU - 4 can be used for moderate cultivation, intense grazing, wildlife 
and forestry. It is suitable for wheat and barely of Rabi crop and sugarcane 
and millet of Kharif crop. 
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TMU - 5 (VP + SWT + L) 
The TMU - 5 comprise Vindhyan Plateau, shallow water-table and loam also 
occur in Rupbas tahsil of Bharatpur district, and form nearly level to 
moderately sloping, depressional lands. It suffers from slight to moderate 
erosion. It is a member of fine loamy mixed hyperthermic family of Typic 
Ustochrepts of Inceptisols Order. The soils of this unit are strongly 
calcareous, poorly drained with low permeability and are mostly under Rabi 
crops. 
The soils of this unit are very deep very dark grayish brown in colour and 
loam in texture. Granulometrically, the surface soil of this unit comprise sand 
48.28%, silt 30.28% and clay 21.44%. The soil has organic carbon (OC) 
0.17%, calcium carbonate (CaCO.O 1.32%, hydrogen ion concentration (pH) 
8.5 and electrical conductivity (EC) 1.35 mmhos/cm. The fertility of the unit 
in terms of macronutrients is nitrogen (N) 0.014%, phosphorus (P) 0.021% 
and potassium (k) 2.669%. It has exchangeable bases like calcium (Ca^) 
9.42 me/lOOg, magnesium (Mg^) 6.28 me/lOOg, sodium (Na+) 1.22 me/lOOg, 
potassium (K+) 0.20 me/lOOg and cation exchange capacity (CEC) 17.12 
me/lOOg. 
The TMU - 5 can be used for moderate cultivation, intensegrazing, wildlife 
and forestry. It is suitable for wheat and barely of Rabi crop and sugarcane 
and paddy of Kharif crops. 
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TMU - 6 ( VP + DWT + L) 
The TMU - 6 comprise Vindhyan Plateau, deep water-table and loam in 
Rupbas tahsil in Bharatpur district. It occur on nearly level to moderately 
sloping lands and suffer from slight to moderate erosion. It is a member of 
fine loamy mixed hyperthermic family of Typic Ustochrepts of Inceptisols 
Order. The soils of this unit are calcareous, medium permeability, and are 
mostly under Rabi crops. 
The soils of this unit are very deep, grayish brown in colour and loam in 
texture Granulometrically, the surface soil of this unit comprise sand 48.20%, 
silt 30.00% and clay 21.80%. The soil has organic carbon (OC) 0.18% 
calcium carbonate (CaCO.i) 1.30% hydrogen ion concentration (pH) 8.3 and 
electrical conductivity (EC) 1.05 mmhos/cm. The fertility of the unit in terms 
of macronutrients is nitrogen (N) 0.015%, phosphorus (P) 0.020% and 
potassium (K) 0.660%. The soils of this unit have exchangeable bases like 
calcium (Ca"^) 9.00 me/lOOg, magnesium (Mg**) 6.20 me/lOOg, sodium 
(Na+) 1.20 me/lOOg, potassium (K+) 0.25 me/lOOg and cation exchange 
capacity (CEC) 16.65 me/lOOg. 
The TMU - 6 can be used for moderate cultivation, intense grazing, wildlife 
and forestry'. It is suitable for wheat and Barely of Rabi crop and sugarcane 
and millet of Kharif crop. 
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TMl - 7 (VP + SWT + CL ) 
The TMU - 7 is developed over Vindhyan Plateau and has shallow water-
table and clay loam is restricted to Rupbas tahsil of Bharatpur district. The 
unit has nearly level to gentle slope and suffer from slight to moderate 
erosion. Its soil is a member of clayey mixed hyperthermic family of Vertic 
Hapiaquapts of Inceptisols Order. This unit has low permeability. The soils 
are calcareous and are under Rabi crops only. 
The soils of this unit are very deep, dark brown to very dark brown in colour 
and clayey in texture. Granulometrically, the surface soil of this unit 
comprise sand 31.28%, silt 29.28% and clay 29.44%. It has organic carbon 
(OC) 0.05%, carbonate (CaC03) 1.88%, hydrogen ion concentration (pH) 8.5 
and electrical conductivity (EC) 2.8 mmhos/cm. The fertility of the unit in 
terms of macronurrients is nitrogen (N) 0.004%, phosphorus (P) 0.05% and 
potassium (K) 0.945%. The soils of this unit have exchangeable bases like 
calcium (Ca^) 10.23 me/lOOg, magnesium (Mg"^) 5.97 me/lOOg, sodium 
(Na+) 27.00 me/lOOg, potassium (K+) 0.295% me/lOOg and cation exchange 
capacity (CEC) 43.49 me/lOOg. The TMU - 7 can be used for moderate 
cultivation, intense grazing, wildlife and forestry. It is suitable for wheat, 
barely and peas of Rabi crop and sugarcane and paddy of Kharif crops. 
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TMU - 8 ( OAP + DWT + SL) 
The TMU - 8 is developed over Older Alluvial plain and comprise sandy 
loam with deep water-table conditions. The unit occurs on nearly level to 
gently slopping plain lands. Its soil is a member of coarse loamy, mixed 
hyperthermic family of Fluventic Ustochrepts of Inceptisols Order. The soils 
of this unit are well drained with moderate permeability and suffer from slight 
to severe erosion. These soils are non-calcareous and are mostly under Kharif 
and Rabi Crops. 
The soils of this unit are very deep, yellowish brown dark brown in colour 
and sandy loam in texture. Granulometrically, the surface soil of this unit 
comprise sand 55.32%, silt 32.92% and clay 11.76%. It has organic carbon 
(OC) 0.05%, calcium carbonate (CaC03) 1.93%, hydrogen ion concentration 
(pH) 7.8 and electrical conductivity (EC) 0.85 mmhos/cm. The fertility of this 
unit in terms of macronutrients is nitrogen (N) 0.004%, phosphorus (P) 
0.045% and potassium (K) 2.892%. It has exchangeable bases like calcium 
(Ca^) 4.03 me/lOOg, magnesium (Mg^) 3.37 me/lOOg, sodium (Na+) 0.32 
me/lOOg, potassium (K+) 0.32 me/lOOg and cation exchange capacity (CEC) 
7.89me/100g. The TMU - 8 can be used for moderate cultivation, intense 
grazing, wildlife and forestry. It is suitable for sorghum, millet, pluses and 
groundnut of Kharif crop and gram, mustard and barley of Rabi crop. 
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TMU - 9 (OAP + DWT + L) 
The TMU - 9 of the Bharatpur district is developed over Older Alluvial Plain 
of Aligarh Older Alluvial Formation. The soils of the unit occur on nearly 
level to gentle slopping plain lands and suffer from non to moderate erosion. 
The unit is a member of loamy, mixed hyperthermic family of Haplustafs of 
Alfisols Order. The unit has deep water-table with medium permeability. The 
soils of this unit are slight to moderate calcareous and are under Rabi and 
Kharif crops. 
The soil of TMU - 9 are very deep, brown to dark brown in colour and loam 
in texture. Granulometrically, the surface soil of this unit comprise sand 
43.60%, silt 24.92% and clay 31.48%. It has organic carbon (OC) 0.30%, 
calcium carbonate (CaCO^) 0.18%, hydrogen ion concentration (pH) 7.6 and 
electrical conductivity (EC) 1.60 mmhos/cm. The fertility of this unit in terms 
of macronutrients is nitrogen (N) 0.031%, phosphorus (P) 0.046% and 
potassium (K) 1.970%. It has exchangeable bases like calcium (Ca^) 12.40 
me/lOOg, magnesium (Mg^) 7.30 me/lOOg, sodium (Na+) 2.1 me/lOOg, 
potassium (K+) 0.42 me/lOOg and has cation exchange capacity (CEC) 22.22 
me/100g. The TMU - 9 can be used for intensive cultivation, intense 
grazing, wildlife and forestry. It is suitable for sugarcane and millet of Kharif 
crop and wheat, barley and peas of Rabi crop. 
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TMl)-10(OAP + SWT + L) 
The TMU - 10 of the Bharatpur district is developed over Older Alluvial 
Plain characterized by loam and shallow water-table. It forms nearly level 
plain lands and suffer from non to slight erosion. Its soil is a member of fine 
loamy, mixed hyperthermic family of Typic Haplustafs of Alfisols Order. The 
soils of this unit are poorly drained, strongly calcareous with low 
permeability. The soils are under Rabi and Kharif crops. 
The soils of this unit are very deep, dark brown in colour and loam in texture. 
Granulometrically, the surface soil of this unit comprise sand 41.60%, silt 
25.90% and clay 32.50%. It has organic carbon (OC) 0.39%, calcium 
carbonate (CaCO.O 0.19%, hydrogen ion concentration (pH) 7.8 and 
electrical conductivity (EC) 1.66 mmhos/cm. The fertility of the unit in terms 
of macronutrients is nitrogen (N) 0.032%, phosphorus (P) 0.048% and 
potassium (K) 1.979%. It has exchangeable bases like calcium (Ca^) 12.49 
me/lOOg, magnesium (Mg^) 7.35 me/lOOg, sodium (Na+) 2.0 me/lOOg, 
potassium (K+) 0.43 me/lOOg and cation exchange capacity (CEC) 22.27 
me/lOOg. 
The TMU - 10 can be used for intensive cultivation, intense grazing, wildlife 
and forestry. It is suitable for wheat, barley and peas of Rabi crop and 
sugarcane and paddy of kharif crop. 
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TMU - 11 (OAP + DWT + SIL) 
The TMU - 11 of the Bharatpur district is developed over Older Alluvial 
plain, characterized by silt loam and deep water-table. It forms nearly level to 
very gently slopping plain lands and suffer from non to slight erosion. The 
soils of this unit are moderately well drained with moderate permeability and 
are mostly under Rabi and Kharif crops. It is a member of fine loamy, mixed 
hyperthermic family of Udic Ustochrepts of Inceptosols Order. 
The soils of this unit are very deep, dark yellowish brown tobrown in colour 
and fine loamy (silt loam) in texture.Granulometncally, the surface soil of this 
unit comprises and 34.32%, silt 49,92% and clay 15.76%. The soil has 
organic carbon (OC) 0.16%, calcium carbonate (CaCO_0 0.82%, hydrogen 
ion concentration (pH) 8.1 and electrical conductivity (EC) 1.44 mmhos/cm. 
The fertility of this unit in terms of macronutrients is nitrogen (N) 0.013%, 
phosphorus (P) 0.037% and potassium (K) 1.004%. It has exchangeable 
bases like calcium (Ca^) 6.11 me/lOOg, magnesium (Mg^) 5.09 me/lOOg, 
sodium (Na+) 0.80 me/lOOg, and potassium (K+) 0.26me/100g and cation 
exchange capacity (CEC) 12.26 me/lOOg. The TMU-11 can be used for 
moderate cultivation, intense grazing, wildlife and forestry. It is suitable for 
wheat, gram, mustard, barley & peas of Rabi crop & maize, sorghum, millet, 
cotton, pulses, sugarcane and groundnut of kharif crop. 
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TMU-12(0AP + SWT + SIL) 
The TMU - 12 of the Bharatpur district is developed over Older Alluvial plain 
characterized by silty loam and shallow water-table. It forms nearly level 
plain lands and suffer from non to slight erosion. The soils of this unit are 
strongly calcareous, poorly drained with low permeability, and are mostly 
under Rabi crop. It is a member of fine loamy mixed hyperthermic family of 
Typic Halaquepsts of Inceptosols Order. 
The soils of this unit are very deep, very dark grayish brown to grayish brown 
in colour and silty loam in texture. Granulometrically, the surface soil of this 
unit comprise sand 19.84%, silt 52.20% and clay 27.96%. The soil has 
organic carbon (OC) 1.15%, calcium carbonate (CaC03) 0.16%, hydrogen 
ion concentration (pH) 8.0 and electrical conductivity (EC) 0.75 mmhos/cm. 
The fertility of the unit in terms of macronutrients is nitrogen (N) 0.096%, 
phosphorus (P) 0.084% and potassium (K) 3.568%. It has exchangeable 
bases like calcium (Ca**) 9.37 me/lOOg, magnesium (Mg**) 7.81 me/lOOg, 
sodium (Na+) 3.80 me/lOOg, potassium (K+) 0.70 me/lOOg and cation 
exchange capacity (CEC) 21.68 me/lOOg. 
The soils of this unit are suitable for moderate cultivation, intense grazing, 
wildlife and forestry. It is suitable for wheat, barley and peas of Rabi crop 
and sugarcane and paddy of kharif crop. 
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TMU - 13 (OAP + DWT + CL) 
The TMU - 13 is distributed in Pahari and Nagar tahsils of the Bharatpur 
district, and is developed over Older Alluvial Plain characterized by clay 
loam and deep water-table. It forms level to very gently slopping lands and 
suffer from slight erosion. The soils of this unit are strongly calcareous, with 
low permeability, and are mostly under Rabiand Zayed crops. 
The soils of this unit are very deep, very dark grayish brown to dark 
yellowish brown in colour and fine loamy (clay loam) in texture. 
Granulometrically, the surface soil of this unit comprise sand 22.24%, silt 
45.56% and clay 32,24%. The soil has organic carbon (OC) 0.22%, calcium 
carbonate (CaCO.O 0.61% hydrogen ion concentration (pH) 8.05 and 
electrical conductivity (EC) 0.4 mmhos/cm. The fertility of this unit in terms 
of macronutnents is nitrogen (N) 0.018%, phosphorus (P) 0.034% and 
potassium (K) 2.732%. It has exchangeable bases like calcium (Ca"^) 25.33 
me/lOOg, magnesium (Mg**) 21.13 me/lOOg, sodium (Na+) 1.08 me/lOOg, 
potassium (K+) 0.83 me/lOOg and cation exchange capacity (CEC) 48.37 
me/lOOg. 
The TMU - 13 can be used for moderate cultivation, intensegrazing, wildlife 
and forestry. It is suitable for wheat,gram, mustard of Rabi crop and paddy 
and sugarcane of kharif crop. 
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TMU-14(REF + DWT + LS) 
The TMU - 14 is developed over Recent Flood Plain of Banganga, 
characterized by loamy sand and deep water-table in Bharatpur district. It 
forms level to moderately slopping lands and suffer from slight to severe 
erosion. The soils of this unit are strongly calcareous, excessively drained 
with high premeability and are mostly under Kharif and Rabi crops. It is a 
member of coarse loamy mixed calcareous hyperthermic family of Typic 
Ustipsamments of Entisols Order. 
The soils of this unit are very deep, dark brown to dark yellowish brown in 
colour and sandy in texture. Granulometrically, the surface soil of this unit 
comprises and 81.0%, silt 9.56% and clay 10.44%. The soil has organic 
carbon (OC) 0.17%, calcium carbonate (CaCO?) 0.30%, hydrogen ion 
concentration (pH) 7.55 and electrical conductivity (EC) 0.16 mmhos/cm. 
The fertility of this unit in terms of macronutrients is nitrogen (N) 0.016%, 
phosphorus (?) 0.149% and potassium (K) 0.669%. It has exchangeable 
bases like calcium (Ca ) 7.36 me/lOOg, magnesium (Mg++) 6.14 me/lOOg 
sodium (Na+) 0.15 me/lOOg, potassium (K+) 0.37 me/lOOg and has cation 
exchange capacity (CEC) 14.02 me/lOOg. 
The TMU - 14 can be used for moderate cultivation, intense grazing, wildlife 
and forestry. It is suitable for sorghum, millet, cotton and groundnut of Kharif 
crop and gram, mustard and barley of Rabi crop. 
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TMU - 15 (REF + SWT + LS) 
The TMU - 15 is developed over Recent Flood Plain of Banganga in 
Bharatpur district, it is characterized by loamy sand and shallow water-table. 
It forms nearly level to moderately slopping lands, and suffer from slight to 
severe erosion. The soils of this unit are strongly calcareous, poorly drained 
with medium premeability and are mostly under Rabi and Kharif crops. It is a 
member of coarse loamy mixed calcareous hyperthermic family of Typic 
Ustipsamments of Entisols Order. 
The soils of this unit are very deep, dark brown to dark yellowish brown in 
colour and sandy in texture. Granulometrically, the surface soil of this unit 
comprise sand 80.0%, silt 9.50% and clay 10.50%. The soil has organic 
carbon (OC) 0.18%, calcium carbonate (CaCCh) 0.32%, hydrogen ion 
concentration (pH) 7.6 and electrical conductivity (EC) 0.19 mmhos/cm. The 
fertility of this unit in terms of macronutrients is nitrogen (N) 0.017%, 
phosphorus (P) 0.15% and potassium (K) 0.66%. It has exchangeable bases 
like calcium (Ca-*-+) 7.40 me/lOOg, magnesium (Mg++) 6.10 me/lOOg, 
sodium (Na+) 0.18 me/lOOg, potassium (K+) 0.36 me/lOOg and cation 
exchange capacity (CEC) 14.04 me/lOOg. The TMU - 15 can be used for 
moderate cultivation intense grazing, wildlife and forestry. It is suitable for 
wheat, mustard and gram of Rabi crop & millet, sorghum & cotton of kharif 
crop. 
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TMU -16 (RFP + DWT + SL) 
The TMU - 16 is developed over Recent Flood Plain of Banganga and is 
characterized by sandy loam and deep water-table in Bharatpur district. It 
forms level to very gentle slopping lands, and suffer from slight to moderate 
erosion. The soils of this unit are strongly calcareous, excessively drained 
with high premeability. It is a member of coarse loamy mixed hyperthermic 
family of Typic Ustifluvents of Entisols Order. 
The soils of this unit are very deep, dark brown to dark yellowish brown in 
colour and coarse loamy in texture. Granulometrically, the soils of this unit 
comprise sand 76.36%, silt 9.92% and clay 11.72%. The soil has organic 
carbon (OC) 0.17%, carbonate (CaC03) 1.78%, hydrogen ion concentration 
(pH) 8.4 and electrical conductivity (EC) 0.19 mmhos/cm. The fertility of this 
unit in terms of macronutrients is nitrogen (N) 0.014% phosphorus (P) 
0.037% and potassium (K) 0.613%. It has exchangeable bases like calcium 
(Ca++) 8.34 me/lOOg, magnesium (Mg++) 6.96 me/100g, sodium (Na+) 0.43 
me/lOOg, potassium (K+) 0.42 me/lOOg and has cation exchange capacity 
(CEC) 16.15 me/1 OOg. 
The TMU - 16 can be used for moderate cultivation, intensegrazing, wildlife 
and forestry. It is suitable for sorghum,millet, pluses and groundnut of Kharif 
crop and gram, mustardand barley of Rabi crops. 
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TMU-17(RFP + SWT + SL) 
The TMU - 17 is developed over Recent Flood Plain of Banganga and is 
characterized by sandy loam with shallow water-table and forms nearly level 
to very gentle slopping lands, and suffer from slight to moderate erosion in 
Bharatpur district. The soils of this unit are strongly calcareous and poorly 
drained with low to medium premeability. It is a member of coarse loamy 
mixed hyperthermic family of Typic Ustifluvents of Entisols Order. 
The soils of this unit are very deep, dark brown to dark yellowish brown in 
colour and sandy loam, in texture. Granulometrically the soil of this unit 
comprise sand 76.00%, silt 10.22% and clay 11.78%. The soil has organic 
carbon (OC) 0.18%, calcium carbonate (CaCOi) 1.75%, hydrogen ion 
concentration (pH) 8.5 and electrical conductivity (EC) 0.20 mmhos/cm. The 
fertility of this unit in terms of macronutrients is nitrogen (N) 0.015%, 
phosphorus (P) 0.035% and potassium (K) 0.610%. It has exchangeable 
bases like calcium (Ca++) 8.35 me/lOOg, magnesium (Mg++) 6.98 me/lOOg 
sodium (Na+) 0.45 me/lOOg, potassium (K+) 0.44 me/lOOg and cation 
exchange capacity (CEC) 16.22 me/lOOg. 
The TMU - 17 can be used for moderate cultivation, intense grazing, wildlife 
and forestry. It is suitable for sugarcane, millet and pluses of Kharif crop and 
barley, mustard and gram of Rabi crop. 
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TMU-18(BP + DWT + SL) 
The TMU - 18 is developed over Burned Pediments characterized by sandy 
loam, deep water-table and occur on nearly level to gently slopping plain 
lands, and suffer from slight to moderate erosion in Bharatpur district. The 
soils of this unit are non-calcareous, moderately well drained with moderate 
premeability, and are mostly under grass and grazing lands. It is a member of 
coarse loamy mixed hyperthermic family of Fluventic Ustochrepts of 
Inceptisols Order. The soils of this unit are very deep, dark brown in colour 
and sandy loam in texture. Granulometrically, the surface soil of this unit 
comprise sand 51.76%, silt 29.92% and clay 18.32%. The soil has organic 
carbon (OC) 0.33%, calcium carbonate (CaC03) 0.60%, hydrogen ion 
concentration (pH) 7.5 and electrical conductivity (EC) 0.31 mmhos/cm. The 
fertility of this unit in terms of macronutrients is nitrogen (N) 0.028%, 
phosphorus (P) 0.051% and potassium (k) 2.09%. It has exchangeable bases 
like calcium (Ca++) 5.14 me/lOOg, magnesium (Mg++) 4.29 me/lOOg, 
sodium (Na+) 0.49 me/lOOg, potassium (K+) 0.51 me/lOOg and has cation 
exchange capacity (CEC) 10.43 me/lOOg. 
The TMU - 18 can be used for intensive cultivation, intense grazing, wildlife 
and forestry. It is suitable for sorgham, millet, gwar, cotton, pulses and 
groundnut for Kharif crops and wheat, barely, gram, mustard and peas of 
Rabi crop. 
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TMU-19(BP + SWT + SL) 
The TMU - 19 is developed over Burned Pediments characterized by sandy 
loam and shallow water-table in Bharatpur district forming level to gently 
slopping plain lands, and suffer from slight to moderate erosion. The soils of 
this unit are calcareous, poorly drained with moderate premeability and are 
under mostly Rabi and Kharif crops. It is a member of coarse loamy 
clacareous mixed hyperthermic family of Typic Haplustalfs of Alfisols Order. 
The soils of this unit are very deep, dark yellowish brown to dark brown in 
colour and sandy loam in texture.Granulometrically, the surface soil of this 
unit comprise sand 55.60%, silt 25.92% and clay 18.48%. The soil has 
organic carbon (OC) 0.22%, calcium carbonate (CaC03) 0.71%, hydrogen 
ion concentration (pH) 8.2 and electrical conductivity (EC) 0.56 mmhos/cm. 
The fertility of this unit in terms of macronutrients is nitrogen (N) 0.018%, 
phosphorus (P) 0.057% and potassium (K) 1.45%. It has exchangeable bases 
like calcium (Ca++) 13.37 me/lOOg, magnesium (Mg++) 11.15 me/lOOg 
sodium (Na+) 1.17 me/lOOg, potassium (K+) 0.32 me/lOOg and cation 
exchange capacity (CEC) 26.01 me/lOOg. 
The TMU - 19 can be utilised for intensive cultivation, intense grazing, 
wildlife and forestry. It is suitable for wheat, gram, mustard, barley and peas 
of Rabi crop and maize, sorghum, millet, cotton, pulses, sugarcane and 
groundnut of kharif crop. 
• 
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TMU - 20 (BP + DWT + L) 
The TMU - 20 is developed over Burried Pediments, characterized by loam 
and deep water-table in Bharatpur district. It forms nearly level to slopping 
lands and suffer from none to slight erosion. The soils of this unit are 
calcareous, moderately drained with medium premeability. In this unit the 
cultivation is in patches. It is a member of loamy, mixed hyperthermic family 
of Aerie Haplustalfs of Inceptisols Order. 
The soils of the TMU - 20 are very deep, yellowish brown incolour and loam 
in texture. Granulometrically, the surfacesoil of this unit comprise sand 
45.80%, silt 37.00% and 17.20%. The soil has organic carbon (OC) 0.27%, 
calcium carbonate (CaCCh) 0.75%, hydrogen ion concentration (pH) 9.5 and 
Electrical conductivity (EC) 3.0 mmhos/cm. The fertility of this unit in terms 
of macronutrients is nitrogen (N) 0.022% phosphorus (P) 0.060% and 
potassium (K) 1.530%. It has exchangeable bases like calcium (Ca++) 10.45 
me/lOOg, magnesium (Mg++) 2.90 me/lOOg, sodium (Na+) 5.85 me/lOOg, 
potassium (K+) 0.415 me/lOOg and cation exchange capacity (CEC) 19.615 
me/lOOg. 
The TMU - 20 can be utilised for limited cultivation, intense grazing, wildlife 
and forestry. Sorghum and gwar of kharif crop and gram and pulses of Rabi 
crop can be grown in patches of this unit. 
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TMU-21 (BP + SWT + L) 
The TMU - 21 is developed over Burried Pediments characterized by loam 
and shallow water-table in Bharatpur district. It forms nearly level slopping 
basinal lands and suffer from none to slight erosion. The soils of this unit are 
calcareous, alkaline and poorly drained with low premeability. The soils of 
this unit are mostly under waste (usar) which are not suitable for cultivation. 
It is a member of loamy, mixed hyperthermic family of Aerie Halaquepts 
Inceptisols Order. 
The soils of the TMU - 21 are very deep, dark yellowish brown to yellowish 
brown in colour and loam in texture. Granulometrically, the surface soil of 
this unit comprise sand 43.84%, silt 36.20% and clay 19.96%. The soil has 
organic carbon (OC) 0.28%, calcium carbonate (CaC03) 0.76%, hydrogen 
ion concentration (pH) 9.9 and electrical conductivity (EC) 3.6 mmhos/cm. 
The fertility of this unit in terms of macronutrients is nitrogen (N) 0.023%, 
phosphorus (P) 0.061% and potassium (K) 1.533%. It has exchangeable 
bases like calcium (Ca++) 10.48 me/lOOg, magnesium (Mg++) 2.96 
me/100g. sodium (Na+) 5.90 me/lOOg, potassium (K+) 0.416 me/lOOg and 
cation exchange capacity (CEC) 19.756 me/lOOg. 
The TMU - 21 can be utilised for intense grazing, wildlife and forestry. It is 
unsuitable for cultivation due to salinity/alkalinity. 
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TMU - 22 (EV + DWT + LS) 
The TMU - 22 is developed in Erosional Valley characterized by loamy sand 
and deep water-table in Bhararpur district. It forms nearly level to moderately 
slopping undulating lands and suffer from slight to severe erosion. The soils 
of this unit are excessively drained with high permeability and are mostly 
under kharif crops. It is a member of coarse loamy mixed hyperthermic family 
of Typic Ustipsamments of Entisols Order. 
The soils of the TMU - 22 are very deep, dark yellowish brown to dark 
brown in colour and sandy in texture Granulometrically, the surface soil of 
this unit comprise sand 83.76%, silt 6.92% and clay 9.32%. It has organic 
carbon (OC) 0.14%, calcium carbonate (CaCOO 0.33%, hydrogen ion 
concentration (pH) 7.9 and electrical conductivity (EC) 0.66 mmhos/cm. The 
fertility of this unit in terms of macronutrients is nitrogen (N) 0.012%, 
phosphorus (P) 0.142% and potassium (K) 1.087%. It has exchangeable 
bases like calcium (Ca^) 4.88 me/lOOg, magnesium (Mg4^) 4.07 me/lOOg, 
sodium (Na+) 1.57 me/lOOg, potassium (K+) 0.25 me/lOOg and cation 
exchange capacity (CEC) 10.77 me/1 OOg. 
The TMU - 22 is not suitable for cultivation, it can be used for intense 
grazing, wildlife and forestry. Only sorghum and millet of Kharif crop can be 
grown on this unit. 
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TMU - 23 ( PC + DWT + SL) 
The TMU - 23 is developed in Palaeochannels characterized by sandy loam 
and deep water-table in Bharatpur district. It forms nearly level to gently 
slopping plain lands and suffer from slight to moderate erosion. The soils of 
this unit are well drained with moderate permeability. The soils are mostly 
non-calcareous and best for Rabi and Kharif crops. It is a member of coarse 
loamy mixed hyperthermic family of Typic Ustochrepts of Inceptisols Order. 
The soils of the TMU - 23 are very deep, brown to yellowish brown in colour 
and sandy loam in texture. Granulometrically, the surface soil of this unit 
comprise sand 52.0%, silt 34.28% and clay 13.72%. It has organic carbon 
(OC) 0.24%, calcium carbonate (CaC03) 2.81%, hydrogen ion concentration 
(pH) 8.45 and electrical conductivity (EC) 0.16 mmhos/cm. The fertility of 
this unit in terms of macronutrients is nitrogen (N) 0.002% phosphorus (P) 
0.24% and potassium (K) 0.613%. The exchangeable bases like calcium 
(Ca^) 6.05 me/lOOg, magnesium (Mg"") 5.05 me/lOOg, sodium (Na+) 0.30 
me/lOOg, potassium (K+) 0.20 me/lOOg and cation exchange capacity' (CBC) 
11.05 me/1 OOg. 
The TMU - 23 can be used for moderate cultivation, intensegrazing, wildlife 
and forestry. It is suitable for sorghum,millet, pulses and groundnut of Kharif 
crop and gram, mustardand barley of Rabi crop. 
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TMU - 24 (PC + DWT + L) 
The TMU - 24 is developed in Palaeochannels characterized by loam and 
deep water-table in Bharatpur district. It forms nearly level to very gently 
slopping basinal lands and suffer from slight erosion to no erosion. The soils 
of this unit are not calcareous, moderately well drained with moderate 
permeability and are mostly under Rabi cultivation. It is a member of loamy 
mixed hyperthermic family of Typic Ustohrepts of Inceptions Order. 
The soils of the TMU - 24 are very deep, brown to very dark brown in colour 
and loam in texture. Granulometrically, the surface soil of this unit comprise 
sand 42.08%, silt 34.28% and clay 23.64%. The soil has organic carbon (OC) 
0.21%, calcium carbonate (CaCO.O 0.31%, hydrogen ion concentration (pH) 
7.30 and electrical conductivity (EC) 0.29 mmhos/cm. The fertility of this unit 
in terms of macronutrients is nitrogen (N) 0.018% phosphorus (P) 0.303% 
and potassium (K) 0.728%. The exchangeable bases like calcium (Ca^) 6.6 
me/lOOg, magnesium (Mg^) 5.5 me/lOOg sodium (Na^) 0.45 me/lOOg, 
potassium (K+) 0.43 me/lOOg and cation exchange capacity' (CEC) 12.98 
me/lOOg. 
The TMIJ - 24 can be used for intensive cultivation, intense grazing, wildlife 
and forestry. It is suitable for wheat, gram, mustard, barley and peas of Rabi 
crop, and sugarcane, paddy and groundnut of Kharif crop. 
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TMII - 25 (PC + SWT + L) 
The TMU - 25 is developed in Palaeochannels characterized by loam and 
shallow water-table in Bharatpur district. It forms nearly level to very gently 
slopping basin and suffer from non to slight erosion. The soils of this unit are 
saline in nature and poorly drained with low permeability. Due to 
salinity/alkalinity these soils are not suitable for cultivation. 
The soil of the TMU - 25 are very deep, dark yellowish brown in colour and 
loam in texture. Granulometrically, the surface soil of this unit comprise sand 
44.84%, silt 38.20% and clay 16.97%. The soil has organic carbon (OC) 
0.23%, calcium carbonate (CaCCb) 1.28%, hydrogen ion concentration (pH) 
10.20 and electrical conductivity (EC) 2.8 mmhos/cm. The fertility of this unit 
in terms of macronutrients is nitrogen (N) 0.019% phosphorus (P) 0.362% 
and potassium (K) 1.84%. It has exchangeable bases like calcium (Ca^) 5.07 
me/lOOg, magnesium (Mg^) 3.64 me/lOOg, sodium (Na+) 10.25 me/lOOg, 
potassium (K+) 0.48 me/lOOg and cation exchange capacity (CEC) 19.74 
me/lOOg. It can be used for intensive cultivation . 
TMU - 26 ( OAP + SWT + SL) 
The TMU - 26 is developed over Older Alluvial plain and comprise sandy 
loam with shallow water-table conditions. The unit occurs on nearly level to 
gently slopping plain lands. Its soil is a member of coarse loamy, mixed 
hyperthermic family of Fluventic Ustochrepts of Inceptisols Order. The soils 
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of this unit are well drained with moderate permeability and suffer from slight 
to severe erosion. These soils are non-calcareous and are mostly under Kharif 
and Rabi Crops. 
The soils of this unit are very deep, yellowish brown dark brown in colour 
and sandy loam in texture.Granulometrically, the surface soil of this unit 
comprise sand 55.32%, silt 32.92% and clay 11.76%. It has organic carbon 
(OC) 0.05%, calcium carbonate (CaCO^) 1.93%, hydrogen ion concentration 
(pH) 7.8 and electrical conductivity (EC) 0.85 mmhos/cm. The fertility' of this 
unit in terms of macronutrients is nitrogen (N) 0.004%, phosphorus (P) 
0.045% and potassium (K) 2.892%. It has exchangeable bases like calcium 
(Ca**) 4.03 me/lOOg, magnesium (Mg^) 3.37 me/lOOg, sodium (Na+) 0.32 
me/lOOg, potassium (K+) 0.32 me/lOOg and cation exchange capacity (CEC) 
7.89me/100g. 
The TMU - 26 can be used for moderate cultivation, intense grazing, wildlife 
and forestry. It is suitable for sorghum, millet, pluses and groundnut of Kharif 
crop and gram, mustard and barley of Rabi crop. 
TMU - 27 (H + DW T + LS) 
The TMU - 27 comprise Hills and Ridges of Bharatpur district is associated 
with Hogback and Cuesta of Delhi Supergroup. This is characterized by deep 
water-table and moderate to very steep slope. The unit has loamy sand soil 
texture and is a member of coarse loamy, mixed hyperthermic family of Lithic 
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Ustorthents of Entisols Order. The soils of this unit are non-calcareous, 
excessively drained with high permeability and suffer from severe erosion, 
and are mostly under bushes and shrubs forest. 
The soils of this unit are very shallow, yellowish to dark reddish brown in 
colour and gravelly sandy loam in texture, comprising sand 70.0% silt 20.0% 
and clay 10.0%. It has organic carbon (OC) 0.045% hydrogen ion 
concentration (pH) 7.4 and electrical conductivity (EC) 0.24 mmhos/cm. The 
fertility in terms of macronutrients is nitrogen (N) 0.004%, phosphorus (P) 
0.055% and potassium (k) 1.171%. The soils of this unit have exchangeable 
bases like calcium (Ca^) 3.47 me/lOOg, magnesium (Mg^) 2.89 me/lOOg, 
sodium (Na+) 0.51 me/lOOg and potassium (K+) 0.18 me/lOOg. It has cation 
exchange capacity (CEC) 7.05 me/lOOg. 
The soils of TMU - 27 can be used for limited grazing, wildlife and forestry. 
The lands of this unit are not suitable for irrigation due to soil (shallow) and 
topography (moderate to steep slope) limitations. 
TMU - 28 ( H + SWT + LS) 
The TMU - 28 comprise hills, shallow water-table and loamy sand is in 
Rupbas tashil of Bharatpur district. It occur on nearly level to moderately 
sloping, lands and suffer from slight to severe erosion. It is a member of 
coarse loamy mixed hyperthermic family of Typic Ustochrepts of Inceptisols 
Order. The soils of this unit are calcareous, poorly drained with low 
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permeability and mostly under Rabi crops. The soils of the TMU - 28 are 
very deep, grayish brown in colour and sandy loam in texture. The fertility in 
terms of macronutrients is nitrogen (N) 0.014%, phosphorus (P) 0.040% and 
potassium (K) 2.02%. Cation exchange capacity (CEC) 16.95 me/lOOg. 
The TMU - 28 can be used for moderate cultivation, intense grazing, wildlife 
and forestry. It is suitable for wheat and barely of Rabi crop and sugarcane 
and millet of Kharif crop. 
TMU - 29 (EV + DWT + H) 
The TMU - 29 is developed in Erosional Valley characterized by hills and 
deep water-table in Bharatpur district. It forms moderately to highly slopping 
undulating lands and suffer from slight to severe erosion. The soils of this unit 
are excessively drained with high permeability and are mostly under kharif 
crops. It is a member of coarse loamy mixed hyperthermic family of T\pic 
Ustipsamments of Entisols Order. 
The soils of the TMU - 29 are very deep, dark yellowish brown to dark 
brown in colour and sandy in texture. Granulometrically, the surface soil of 
this unit comprise sand 83.76%, silt 6.92% and clay 9.32%. It has organic 
carbon (OC) 0.14%, calcium carbonate (CaCO;,) 0.33%, hydrogen ion 
concentration (pH) 7.9 and electrical conductivity (EC) 0.66 mmhos/cm. The 
fertility of this unit in terms of macronutrients is nitrogen (N) 0.012%, 
phosphorus (P) 0.142% and potassium (K) 1.087%. It has exchangeable 
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bases like calcium (CV*) 4.88 me/lOOg, magnesium (Mg^) 4.07 me/lOOg, 
sodium (Na+) 1.57 me/lOOg, potassium (K+) 0.25 me/lOOg and cation 
exchange capacity (CEC) 10.77 me/lOOg. 
The TMU - 29 is not suitable for cultivation, it can be used for intense 
grazing, wildlife and forestry. Only sorghum and millet of Khanf crop can be 
grown on this unit. 
TMU - 30 (BP + DWT + LS) 
The TMU - 30 is developed over Burned Pediments characterized by loam 
sand, deep water-table and occur on nearly level to gently slopping plain 
lands, and suffer from slight to moderate erosion in Bharatpur district. The 
soils of this unit are non-calcareous, moderately well drained with moderate 
premeability, and are mostly under grass and grazing lands. It is a member of 
coarse loam\ mixed hyperthermic family of Fiuventic Ustoclirepts of 
Inceptisols Order. The soils of this unit are very deep, dark brown in colour 
and sandy loam in texture. The fertility of this unit in terms of macronutrients 
is nitrogen (N) 0.028%, phosphorus (P) 0.051% and potassium (k) 2.09% 
and has cation exchange capacity (CEC) 10.43 me/lOOg. 
The TMU - 30 can be used for intensive cultivation, intense grazing, wildlife 
and forestry. It is suitable for sorgham, millet, gwar, cotton, pulses and 
groundnut for Kharif crops and wheat, barely, gram, mustard and peas of 
Rabi crop. 
CHAPTER - IX 
Summary and Conclusions 
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Summary and Conclusions 
Summary 
The study of land system attributes of lithology, soil, water and relief 
characteristics was carried out using remotely sensed data for thematic 
interpretation in parts of Yamuna basin, administratively covering Bharatpur, 
Mathura and Aligarh districts. As part of the Ph.D. program in Remote 
Sensing Applications at Aligarh Muslim University, statistical image analysis 
techniques were used to convert brightness levels into information classes, 
which were integrated through GIS applications into Terrain Mapping Units 
(TMU) based on kindred relationship of land system components of 
hydrogeology, geomorphology and pedology. 
The thematic mapping was carried out form remotely sensed data using both 
digital and visual interpretation techniques. The LANDSAT data 
corresponding to path-row 146:041 and 146:040 on scale of 1:250,000 and the 
IRS - IB LISS II digital data corresponding to path : row 28:48 subscene A2 
covering parts of Bharatpur, Mathura and Aligarh districts included in Survey 
of India toposheet numbers 54A, 54E, 54F, 541, 54H and 54L have been used. 
Digital Image Processing using statistical analysis techniques were carried out 
on IRS - IB LISS II subscene A2 data corresponding to path : row 28:48. The 
data from Band Interleaved by Line (BIL) format was transferred from CCT to 
CD using EASIPACE Image Processing Software at Regional Remote Sensing 
Service Center, Dehradun. The image data was converted to Tagged Image 
File Format (TEFF). The TIFF file was used as input file in Modular GIS 
Environment (MGE) Advance Imager. The digital image processing was 
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carried out using Dell Optiplex GL 5100 system at Remote Sensing 
Applications Center for Resource Evaluation and Geoengineering, Aligarh 
Muslim University, Aligarh, basically for image improvement and analysis. 
The principal objective of image improvement was to process the Dn values of 
the pixels so that the result is better than the original image. The image 
analysis was carried out to convert the spectral levels into information classes 
for primary data generation on geology, geomorphology, hydrogelogy and 
pedology. 
The image improvement was attempted through contrast enhancement, 
filtering & FCC's. The linear contrast enhancement, non-linear contrast 
enhancement (Gaussian Stretching & Histogram Equalization); filtering 
(Lowpass, Weighted Lowpass, Median, Edge Preservation, Sigma, Lee, 
Mode, Highpass, Weighted Highpass, Gradient, Compass, Laplacian, Sobel, 
Robert, Krisch, Wallis, Prewitt, Frost) and False Color Composites were used 
for improvement of the image quality. 
Image analysis was attempted to bring out pattern in the brightness levels 
using Band Ratioing, Principal Component Analysis, Special False Color 
Composites techniques. The classification was attempted using sequential 
clustering, statistical clustering, isodata, parallelepiped, minimum distance, 
maximum likelihood classification, etc. to convert the spectral levels into 
information classes. 
The digital image processing helped in identifying the different thematic 
classes present in the scene such as north flowing paleo-drainage, paleo-
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channels of Yamuna river, paleo-flood plain and the recent flood plain of 
Yamuna river and its tributary streams. The geology in terms of Quaternary 
stratigraphy was interpreted from geomorphic units picked up from the digital 
analysis. The thematic classes were extrapolated through visual interpretation 
techniques from LANDSAT TM FCC with groundtruth collated from 
secondary data and primary surveys to produce maps on the land system 
parameters of geomorphology (Fig. 3), geology (Fig. 5) and soil (Fig. 15). 
The geomorphology of the study area was interpreted using digital and visual 
techniques covering parts of Bharatpur, Mathura and Aligarh districts. The 
geomorphic zones, their geomorphic elements and drainage morphometry of 
the sub-basins were interpreted using photographic and geotechnical elements. 
The study area has been delineated into eight gemorphic zones comprising 
Structural Hills and Valleys of Delhi Supergroup, Vindhyan Plateau, Burned 
Pediment, Varanasi Older Alluvial Plain, Aligarh Older Alluvial Plain, Older 
Flood Plain of Yamuna Basin, Recent Flood Plain of Yamuna River and its 
Tributaries and Aeolian deposits. The hills of Bayana, Ajabgarh and Alwar 
group form cuesta and hogback ridges which are separated by erosional 
valleys. The Vindhyan Plateau forms monolith in the southern part of the 
Bharatpur district overlooking the Quaternary landscape and Aravalli hills. 
The homogeniety of the Plateau is punctuated by cuesta hills of Upper 
Bhander Sandstone and hogback ridges of Rewa Sandstone near the margin of 
the Vindhyan basin. The cuesta of Vindhyan corresponds to an elevation of 
220 to 231 meters elevation above M.S.L. and are remnant of paleo-planar 
surfaces which occur as geomorphic inlier within the Vindhyan Plateau. The 
Burried Pediment in the north, south-west and north-eastern parts of Bharatpur 
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district fringing the structural Hills of Delhi Supergroup and Vindhyan Plateau 
is characterized by undulating topography, accidented slope and thin sand and 
soil cover. The Varanasi Older Alluvial Plain represents vast elevated plain 
ranging from 182 to 196 meters in elevation above M.S.L. The monotony of 
the Varanasi Older Alluvial Plain is punctuated by Aligarh Older Alluvial Plain 
which represents paleo-drainage of an earlier north flowing drainage system 
which emerged from Vindhyan uplands and flowed through Varanasi Older 
Alluvial Plain upto north of Meerut. This paleo-drainage system has regional 
slope towards north, which due to slope mutation during the post-collision 
Himalayan tectonics had acquired a southerly tilt. The Aligarh Older Alluvial 
Plain is characterized by scars and paleo-channels of the north flowing paleo-
drainage. The Older Flood Plain of Yamuna basin is represented as 
topographic platform and benches on either banks of the river beyond its 
recent flood plain. It is manifested as T] and T2 level terraces. Coeval to the 
Older Flood Plain of Yamuna basin, Older Flood Plain of Banganga River has 
been recognized w est of Bharatpur and around Nadbai. manifested as roughly 
east-west trending channels defining the southerly migration of Banganga 
river. 
The Recent Flood Plain of Yamuna River has been mapped on either banks of 
the river characterized by periodic inundation. Point bars, channel bars, cut off 
meanders etc. which indicate that the river has built up its Recent Flood Plain 
by lateral acceration process. The Recent Flood Plain of Banganga represents 
a drainage anomaly, it has higher channel width in the proximal part and 
constricted channel width in distal part which indicate drainage reversal from 
west to east and results in extensive flooding in Bharatpur district. 
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The sand dunes and loess deposits in Nadbai, Nagar, Bayana and Rupbas 
Tahsils of Bharatpur districts, have been brought by wind action. The aeolian 
deposits occur as cover sediments over AJigarh Older Alluvial Plain, Vindhyan 
Plateau and Bayana Hills suggesting arid semi-arid fringe boundary in the 
area. 
The drainage morphometry of the area suggests that the Quaternary period 
experienced development of three drainage cycles, which in their decending 
order of antiquity can be described as Di, D2 and D3 drainage systems. Dt and 
D2 drainage cycles represent paleo-drainages which became extinct with the 
slope mutation during the recent period when present day south flowing 
drainage of Yamuna basin came into being represented by D3 drainage 
systems. The morphometry analysis of the micro-watershed of the Yamuna 
basin has been attempted and their morphometric parameters had been 
described in Table - 13. 
The geology of Bharatpur, Mathura and Aligarh districts was collated from 
available secondary sources. Stratigraphically the lithounits of the area are 
referrable to Delhi Supergroup, Vindhyan Supergroup and Recent Quaternary 
sediments. The geological mapping was carried out using available maps as 
ground controls for image interpretation of thematic classes. For the purpose 
of land system studies lithology was separated into basement rocks and 
Quaternary cover sediments. 
The Proterozoic basement comprises Pre-Delhi rocks, Delhi and Vindhyan 
supergroups. The schist, phyllite with quartzite intercalations mapped at the 
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base of Bayana Basin have been assigned as Pre-Delhi. These are older than 
Bayana valcano-sedimantary assemblage and may be part of Older Delhi 
sequence rather than Pre-Delhi as concieved by Geological Survey of India 
(Singh, 1982). 
The Delhi Supergroup comprises of two distinct assemblages represented by 
Lalsot basin and Bayana basin. The quartzite interbedded with phyllite and 
schist of Ajabgarh Group developed in the Lalsot basin which form western 
boundary of Bharatpur district and are exposed in the Lalsot hills and extend 
in northeast through Kaman and Pahari Tahsils upto Barsana and Nandgaon, in 
Mathura District. The eastern most exposure of the Delhi is seen in the 
Goverdhan hill in Mathura district, Uttar Pradesh. This sequence is assigned to 
Bharkol Formation of Ajabgarh Group. The domal outcrops of feldspathic 
sandstone and orthoquartzite between Kaman and Pahari in Bharatpur district 
have been assigned to Partapgarh Formation of Alwar Group. 
The volcano-sedimentar>' assemblage of Bayana Basin is separated from the 
Alwar and Ajabgarh groups by Barsasa lineament in the northeast and from 
Vindhyans by Great Boundary Fault of Rajasthan in the South. The rocks of 
Bayana Basin have been mapped from Nithar to Bayana over a distance of 31 
Km and occur as subcrops upto Dig in the north. The rocks of Bayana Basin 
differ from Delhi's in having NW-SE strike in contrast to NE-SW structural 
trend of Delhi's and from adjacent vindhyans which are sub-horizontally to 
gently dipping. The Bayana Basin is lithologically, structually and 
morphotectonically different from Vindhyans in the south and Delhi's in the 
west. Possibly it is a younger rifted basin than the Delhi's. The volcano-
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sedimentary assemblage has been assigned to Bayana Group, which in the 
descending order of antiquity comprises Nithar, Jahaz-Govindpura, Jogipura, 
Badalgarh, Bayana, Damdama, Weir and Arauli formations. 
The Vindhyan rocks in the study area represent the northwestern extension of 
Karauli sequence, which is represented by Rewa and Bhander groups. The 
Upper Rewa Group is represented by Upper Rewa Sandstone Formation 
exposed in western abutment of Baretha Dam in Bharatpur district. The 
Bhander Group is represented by Ganurgarh Shale Formation and Upper 
Bhander Sandstone Formation in Rupbas tahsil of Bharatpur district. The 
Upper Bhander Sandstone Formation forms the plateau which forms the 
natural fortification on the southern boundary of the Bharatpur district in the 
area. The cover sediments which were deposited over the basement formed by 
Proterozoics of the Indian shield have been assigned to Quaternary 
Supergroup The Quaternary sediments have been separated into Older 
Alluvium Group, Newer Alluvium Group and Recent Alluvium Group in 
descending order of antiquity based on transgressive spatial relationship and 
order of superposition The sediments of Older AJluvium Group have been 
derived from Vindhyan uplands. The Newer Alluvium Group has its 
provenance from newly risen tectonic lands of Himalayas in the north. The 
Recent Alluvium Group comprises reworked alluvium, sand, silt and clay 
showing admixture of southern and northern provenance. 
Hydrogeologically the Yamuna Basin in Bharatpur, Mathura and Aligarh 
districts has three major water bearing formations, namely hard rocks, 
carbonate rocks and unconsolidated sediments of Quaternary age. The aquifer 
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system in the area occurs both under pheratic and semi-confined to confined 
conditions. The shallow aquifers are pheratic, deeper aquifers are semi-
confined to confined. The aquifer system has been classified on the basis of 
hydrogelogical parameters into hard rocks, carbonate rocks and 
unconsolidated sediments and on the basis of depth to water-table the aquifers 
have been delineated into shallow and deep aquifers. 
The shallow aquifers range to a depth of 50 meters. The thickness of granular 
zone varies from 3 to 25 meters. The deeper aquifers are 50 meters b.g.l. 
down to bed rock. The thickness of deep aquifers vary from 2 to 50 meters. 
The rransmissivity range 9.28 m2 to 950 m2 per day; hydraulic conductivity is 
2.55 m/day to 74.26 m/day. 
The groundwater fluctuation varies from 0.1 m to 3.25 meters. In shallow 
aquifers the fluctuation is higher. The area adjacent to canals show little 
fluctuation. The water-table contours show variations between 145 meters to 
202.5 meters, above M.S.L.. The flow direction of groundwater is from 
northwest to southeast in conformity to the flow regime of the yamuna 
drainage system. The depth to water-table parameter has been used as input 
for GIS analysis of the land system of the study area. 
Pedologically the basic frame work of soil development in the study area is 
constrained by lithological distribution, landforms and aquifer system. The 
soils in the area are alluvial, aeolian and residual. The physical and chemical 
characteristics of the soils were studies using representative samples. 
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The soils were classified into 36 soil series using characteristics such as spatial 
association with landforms and slope characteristics, leaching, soil profile, 
color, texture, granulometric analysis, soil structure, inclusive mean, sorting, 
skewness, kurtosis, flow index, plastic limit, physico-chemical characteristics 
like, cation exchange capacity, exchangeable sodium percentage, hydrogen ion 
concentration, electrical conductivity, silica, alumina, sodium bicarbonate, 
phosphorous, ferric oxide, magnesium oxide percentages, fertility in tenns of 
macro-nutrients (N, P & K) etc. 
The spatial association of soil series with other fields of land system files were 
used to generate illuminated model for identification of terrain mapping units. 
The GIS technology was used to integrate various land system files to generate 
an illuminated model for sustainable agricultural development in the area. In 
the present study the Modular GIS Environment (MGE) of Intergraph Inc. was 
used. The MGE is having separate modules for each application. The MGE is 
GIS with both vector and raster capabilities besides it is having image 
processing capabilities. The MGE uses an external database, in the present 
study Oracle version 7.0 was used. The thematic maps were digitized and 
stored in MGE compatiable format. The digitized maps were cleaned. The 
cleaned maps were subjected to topology building and analysis. 
The GIS Application for generation of Terrain Mapping Units (TMUs) was 
attempted in part of the study area covering Bharatpur district, Rajasthan. The 
Terrain Mapping Units were generated by integrating the thematic files on 
geomorphology, hydrogeology and pedology for mapping geographically 
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homogeneous natural entities. The lithology has been eliminated as a 
constrain for TMU categorization, due to the fact that the soil in the area is 
generally transported, insitu soils are developed in the hilly terrain. The 
landform overlay has provided coverage for hard rocks contribution to soil 
characteristics and the kindred relationship of lithology, geomorphology and 
soils in TMU classification. The methodology of Terrain Mapping Units based 
on natural geographic boundaries will help in planning agricultural inputs for 
developmental needs of a basically agro-economic eco-system like Bharatpur. 
The areas of homogeneity of geomorphology, soil texture and depth to water 
table for Bharatpur district, were delineated as TMUs. The Bharatpur district 
has 10 tahsils, comprising 1454 villages which are represented by thirty 
TMU's which have been designated as TMU-1, TMU-2, etc. using alpha-
numeric code of nomenclature and decribed as 
TMU - 1 : H ,DWT, SL; TMU - 2 : VP,DWT, SL; TMU - 3 : VP, DWT, LS; 
TMU - 4 : VP, SWT, SL; TMU - 5 :VP, SWT,L; TMU - 6 :VP, DWT,L; 
TMU - 7 : VP, SWT,CL; TMU - 8 :OAP, DWT, SL; TMU - 9 : OAP, 
DWT, L; TMU - 10 : OAP, SWT, L; TMU - 11: OAP, DWT, SIL; 
TMU - 12 : OAP, SWT, SIL; TMU - 13 : OAP, DWT, CL; TMU - 14 : RFP, 
DWT, LS; TMU - 15: RFP, SWT,LS; TMU - 16: RFP, DWT, SL; TMU - 17: 
RFP, SWT, SL; TMU - 18 : BP, DWT, SL; TMU - 19 : BP, SWT, SL; TMU -
20 : BP, DWT, L; TMU - 21 : BP, SWT, L; TMU - 22 : EV, DWT, LS; TMU 
- 23 : PC, DWT, SL; TMU - 24 : PC, DWT, L; TMU - 25 : PC, SWT, L; 
TMU - 26 : OAP, SWT, SL; TMU - 27 : H, DWT, LS; TMU - 28 : H, SWT, 
LS; TMU - 29 : EV, DWT, H; TMU - 30: BP, DWT, LS. 
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where H = Hills/Ridges, VP = Vindhyan Plateau, OAP = Older Alluvial Plain, 
RFP - Recent Alluvial Plain, BP = Buried Pediment, EV = Erosional Valley, 
PC = Paleochannel, DWT = Deep water-table (> 4m b.g.l.), SWT = Shallow 
water- table (<4 m b.g.l.) LS = Loamy Sand, SL = Sandy Loam, L = Loam, 
SIL = Silt Loam, CL = Clay Loam. 
Conventional methodology of inputs on the basis of talisil and district will 
require to be changed, at the mciro-level, individual TMU require separate 
treatment by way of agricultural inputs in terms of seed, fertilizer and 
irrigation inputs for optimum outputs. 
Conclusions 
The study has indicated that Remote Sensing Applications can be 
successfully used for generating level 1 and level 2 informatics for geology. 
The geomorphology in the plain ecosystem of Yamuna Flood Plain can be 
mapped by combined man-machine processing. Digital Image Processing in 
itself will be inadequate fr informatics generation of geomorphic elements. 
For groundwater studies hydrogeomorphic zonation approach has been found 
to be useful in the Yamuna basin. For pedological studies the remotely sensed 
data can be used for mapping soil series using geomorphic elements, landuse 
and relief characteristics as visual interpretational keys. The GIS for the 
fluvial plain ecosystem can be developed using geomorphology, depth to 
water-table and soil series as basic files. The kindred relationship to generate 
illuminated model for areas of homogeniety characterized by uniformity in 
landform, soil series and depth to water-table has been found to be useful 
approach for mapping Terrain Mapping Units (TMU). 
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For ecologically sustainable agriculture in plain eco-system of Yamuna basin 
the concept of TMLTs as basic unit for agricultural input of seed-fertilizer and 
irrigation will be useful for micro-level planning. 
The present study has brought out that the landscape evolution of the Yamuna 
basin pre-dates he Yamuna drainage. The earlier drainage system emerged 
from Vindhyan uplands in the south and flowed towards orth as indicated by 
the well developed sub-dendritic drainage pattern of north flowing paleo-
drainage. 
The study has also brought out that the Banganga river has anamolous 
channel morphology. The Banganga channel is constricted at the distal end 
and is very wide at the proximal end in the west as it emerges from Alvvar and 
Sawar Madhopur districts into Bharatpur. The anamoly in the channel 
morphology indicate drainage reversal in the Banganga river during the 
Quaternary period. The channel which was evolved under a westerly flow 
regime is having easterly flow joining Yamuna drainage system. The capture 
of Banganga from Arabian Sea to Bay of Bengal drainage system has been 
attributed to post collission tectonics of the Indian plate. 
The paleo-channel of the river Yamuna which was flow ing between Mathura 
and Nandgaon in the pre-historic Mahabaharat times has been picked up from 
the digitally enhanced remotely sensed data. The present channel of Yamuna 
flowing east of Mathura has been an enigma for archeogeology in India. The 
present find of paleo-channels of the Yamuna river to the west of Mathura 
has provided missing link in he mythological records of the Hindu scriptures 
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